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Experiment in vineyard of Mr. D. C. Bostwick, North East, Pa 


Use of combined contact and poison spray... 


Effect of grape leafhopper control on quality ‘of trait. eee ne Reds EF nee 
ao os nin a apiawales case len cewnesiheunes 


ILLUSTRATIONS. 


PLATES. 


Puate |. Spraying against the grape leafhopper. Fig. 1—Rod and single 


cyclone nozzle used to apply spray to underside of grape foliage. 
Power supplied by tractor sprayer. Vineyard of Mr. H. H. 
Harper, North East, Pa. Fig. 2.—Rod carrying two cyclone nozzles 
used toapplyspray to underside of grapefoliage. Power supplied 
by compressed air. Vineyard of Mr. A. I. Loop, North East, Pa. 


II. Comparison of sprayed and unsprayed plats. Fig. 1.—Showing con- 


dition of vine injured by grape leafhopper in unsprayed plat. 
Note loss of foliage and also berries from clusters. Vineyard of 
Mr. W. E. Gray, North East, Pa. Fig. 2—Showing condition 
of vine in plat sprayed with tobacco extract No. I against grape 
leafhopper. Note larger size of berriesin clusters, heavy foliage, 
and stronger cane growth. Vineyard of Mr. W. E. Gray, North 
ae el EM GRRE SI ana ares ae cae Sg 


III. Spraying against the grape leafhopper. Fig. 1.—Gasoline-engine 


sprayer supplying power for two ‘“‘trailer” leads of hose in spray- 
ing against grape leafhopper. Vineyard of Mr. J. E. Beatty, North 
East, Pa. Fig. 2.—Gasoline-engine sprayer supplying power for 
two “trailer” leads of hose in spraying against grape leafhopper. 
Vineyard of Peacock-Rood Co., Westfield, N. Y ...............-- 


TEXT FIGURES. 


Fic. 1.—The grape leafhopper ( Typhlocyba comes var. coloradensis): Adult. 


2.—The grape leafhopper: Nymph of the first stage................--.--.- 


3.—The grape leafhopper: Fully developed nymph of the fifth stage. 
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PAPERS ON DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


SPRAYING EXPERIMENTS AGAINST THE GRAPE LEAFHOP- 
PER IN THE LAKE ERIE VALLEY IN 1911. 


By Frep JoHNson, 
Agent and Expert. 


INTRODUCTION. 


An insect pest of the grapevine which has increased in abundance 
and destructiveness in the vineyards of the Lake Erie Valley during 
the past few years is the grape leafhopper, 
Typhlocyba comes Say (see fig. 1). Pre- 
liminary spraying experiments were under- 
taken against this pest at North East, Pa., 
by the Bureau of Entomology in 1910. 
Results of the field work undertaken during 
that season are presented in Bulletin No. 
97, Part I, of the Bureau of Entomology, 
together with a brief consideration of the 
characteristics, habits, and life history of 
the insect, and also the character and ex- 
tent of its injury to the vine. For this 
reason the subject matter of this paper 
deals entirely with experiments conducted 
Serme the season of 1911. Readers un- °3,, 1 Tne grape leafhopper 
familiar with the habits of this pest should — (Typhiocyba comes var. colo- 


radensis): Adult. Greatly en- 
consult the paper referred to above. fot, Obiuic: Walesa 


TREATMENT OF NYMPHS OF THE GRAPE LEAFHOPPER WITH 
CONTACT SPRAYS. 


During the season of 1911 the grape leafhopper was more numerous 
and destructive to the grapevines in the vineyards of Erie County, 
Pa., than in 1910. Owing, doubtless, to the higher temperatures 
prevailing during June and July of this season, the nymphs (see fig. 2) 
commenced to appear on the leaves at an earlier date, and the develop- 
ment of the nymphal stages of the insect were more rapid than in 1910. 
Since it is in this the nymphal period before the insect has developed 
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wings (figs. 2-3) that it is most readily controlled by a contact spray, 
it was necessary to make the application several days earlier than in 
the preceding season. In addition to this, the number of days when 
the maximum number of nymphs was present upon the vines before 
the earliest to hatch had developed wings was materially lessened, 
thus shortening the period during which the greatest 
efficiency from the spray applications could be se- 
cured. In 1910 the maximum numbers of nymphs 
of the first brood were present on the underside of 
the grape leaves about July 15 and spray applica- 
tions were commenced at that date and were con- 
Tra. The prams teat ~— Uued untill duly 20 before many of the nymphs 
hopper: Nymph of had changed to adults having fully developed wings. 
Ke ees oe In 1911, however, the maximum numbers of 
(Author’s illustra- mymphs were present on the leaves by July 5. By 
oe July 11 fully 15 per cent of the first nymphs to — 
hatch were changed to the winged form. Thus there was about a 
week longer time during which the greatest efficiency from the 
spray application could be secured in the season of 1910 than in 
1911. Effective work can be done, however, after many of the 
nymphs have developed wings, and if the wingless nymphs are still 
quite numerous upon the leaves the work may be continued with 
good results. Owing to the more rapid development of the immature 
stages of the insect in 1911 than in 1910, 
there was a partial second brood of consid- 
erable proportions in 1911, which greatly 
augmented the injury toward the ripening 
season. Nevertheless, where vines were 
thoroughly sprayed against the nymphs of 
the first brood during the first two weeks in 
July, only slight injury resulted from the 
later development of nymphs on _ these 
sprayed vines. 


FIELD EXPERIMENTS WITH TOBACCO EX- 
TRACTS, 


: Fig. 3.—The grape leafhopper: 
During the summer of 1911 several field —Funy developed nymph of the 


experiments, in each case covering several  f/th stage. Greatly enlarged. 
- - 5 (Author’s illustration.) 

acres, were conducted in vineyards in the 

township of North East, Pa. In all cases the applications were 
made against the nymphs about the time the maximum number of 
the first brood was present on the underside of the grape leaves and 
before many of the oldest nymphs had changed to the winged form. 
One thorough application at this time proved sufficient to reduce the 
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number of the insects so that those remaining did not materially 
affect the growth of the vine or the proper ripening of the fruit. 

These experiments were conducted in different parts of the town- 
ship and several types of sprayers were used in making the applica- 
tions. In all cases the ‘‘trailer’”’ method was employed; that is, a 
trailing hose about 20 feet long was connected to the discharge of the 
spray pump and a short rod, about 24 feet long, carrying a large nozzle 
of the cyclone type set at right angles to the rod was attached to the 
free end of this lead of hose. This rod is held by the operator, who 
thrusts the nozzle among the foliage with rapid movements, directing 
the nozzle upward, so that the liquid is thrown upon the underside of 
the leaves. (See Pl. I, fig. 1.) 

Two forms of commercial tobacco extract were used in these experi- 
ments: No. I (blackleaf extract) contained 2.70 per cent nicotine; 
No. II (blackleaf 40) contained 40 per cent nicotine sulphate. In 
all of the experiments which follow the tobacco extracts are refer- 
red to by number. Tobacco extract No. I refers to the form con- 
taining the lower percentage of nicotine, tobacco extract No. II to 
the form containing the higher percentage of nicotine. At the dilu- 
tions used no decided advantage was evidenced in favor of either 
form of tobacco extract. Both of these substances killed the nymphs 
that were hit by the spray. The tobacco extract No. I at a dilu- 
tion of 1 part of extract to 150 parts of water killed all nymphs 
that were made thoroughly wet by the spray, especially the smaller 
nymphs, between the first and fourth molts. The full-grown nymphs, 
unless thoroughly soaked by the spray at this dilution, would some- 
times escape, probably because their longer legs held their bodies 
some distance from the wet surface of the leaf. The tobacco ex- 
tract No. II was effective at a dilution of 1 part of extract to 
1,500 parts of water. In the use of the tobacco extract No. II— 
as with the tobacco extract No. I, where a large percentage of 
the nymphs were in the last stage; that is, just about to develop 
wings (see fig. 3)—a dilution of 1 to 1,200 or 1,300 may be more 
effective in killing the nymphs. In the several experiments con- 
ducted, however, the dilutions varied from 1 to 100 parts of water 
to 1 to 150 with tobacco extract No. I, and from 1 to 1,000 to 1 to 
1,500 with tobacco extract No. II. In all of these variations of dilu- 
tion apparently equally good results were obtained. 


VINEYARD EXPERIMENTS IN 1911. 
EXPERIMENT IN VINEYARD OF MR. H. H. HARPER, NORTH EAST, PA. 


The east side of the vineyard of Mr. H. H. Harper, North East, Pa., 
adjoining the highway had been badly infested by the grape leafhopper 
for several years. Previous to the undertaking of this experiment 
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the vines had each season made a weaker growth as a result of injury 
by this pest, and the yield of fruit also was being greatly reduced. 

During the season of 1910 several acres on the east side of this 
vineyard were sprayed with tobacco extract No. I. This treatment 
resulted in preventing serious injury by the insect. The foliage re- 
mained green and healthy throughout the season. There was a 
greatly increased growth of vine and a higher quality of fruit was 
secured. The greatest apparent benefit in 1910 was in the great 
increase in growth of vine. 

During the season of 1911 the entire vineyard of 25 acres was 
sprayed against this pest, which was present in fully as large num- 
bers as in 1910. Saas 

A tractor sprayer was used in making the application. (See Pl. I, 
fig. 1.) A pressure of 100 to 140 pounds was maintained and about 
175 gallons of liquid were applied per acre. The application was 
made by the owner of the vineyard, Mr. H. H. Harper. The spray 
was applied by the ‘‘trailer”’ method (see Pl. I, fig. 1), using a single 
large cyclone nozzle. The work was done very carefully and thor- 
oughly. Stops were made at each vine. The pressure was main- 
tained by driving forward the length of the trailer hose. By having 
a 20-gallon air-chamber on the tractor sprayer a pressure varying 
from 100 to 140 pounds was secured, rarely dropping below the 100- 
pound mark. Under favorable working conditions about 3 acres 
could be covered per day. The tobacco extract No. I was applied 
at a dilution of 3 quarts to 100 gallons of water. The application was 
made, on the 3 acres from which our record of yield was secured, on 
July 6 and 7, when the majority of the nymphs were small but very 
numerous. The application was very effective, and on account of 
the thoroughness with which the work was done only a very small 
percentage of nymphs escaped being killed by the spray. 

As a result of this treatment the foliage of the vines remained green 
throughout the entire season, and the vines made a very heavy 
growth of new canes. The berries and clusters of fruit were large 
and of good quality. A record has been kept of the yield for the past 
three years on 3 acres of this vineyard where the injury by this 
insect was most apparent at the beginning of the experiment. No 
attempt to control this pest on these vines was made previous to 1910. 


ND eas nin cle ~ ote pe Yield of‘fruit was 262 8-pound baskets of grapes per acre. 
MOSS cos oo ha ag Oe ae Yield of fruit was 423 8-pound baskets of grapes per acre. 
12h 5 Sages Soma gy ea Ser Yield of fruit was 796 8-pound baskets of grapes per acre. 


These results show an increase in yield on the first season’s treat- 
ment of 161 baskets per acre, and for the second season’s treatment 
an increase of 534 baskets per acre over the yield of 1909. 

Since the price received per basket of grapes varies each season, it 
is difficult to compare cash returns one season with another. Prices 
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Fic. 1.—ROD AND SINGLE CYCLONE NozZLeE USER To APPLY SPRAY TO UNDERSIDE OF 
GRAPE FOLIAGE. POWER SUPPLIED BY TRACTOR SPRAYER. VINEYARD OF MR. H. H. 
HARPER, NORTH EAST, PA. (ORIGINAL.) 


FIG. 2.—ROD CARRYING TWO CYCLONE NOZZLES USED TO APPLY SPRAY TO UNDERSIDE 
OF GRAPE FOLIAGE. POWER SUPPLIED BY COMPRESSED AIR. VINEYARD OF MR. 
A. |. Loop, NORTH EAST, PA. (ORIGINAL.) 


SPRAYING AGAINST THE GRAPE LEAFHOPPER. 
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for the past 10 years, however, have averaged about 13 cents per 
basket. On this basis the cash increase on the treatment in 1910 
was $20.93 per acre, and on the treatment for the second season of 
1911 the increase was $69.42 over that of 1909 before any spray 
treatment was made against this pest. 

The actual cash receipts for the three seasons were as follows: 


ne ee Unsprayed, 11 cents per basket, 262 baskets, $28.82 per acre. 
ie, be ae Sprayed, 19 cents per basket, 423 baskets, $80.37 per acre. 
Serer SS Sprayed, 10 cents per basket, 796 baskets, $79.60 per acre. 


Since the actual prices in 1909 and 1911 are almost uniform, the 
increase in cash return as a result of increased yield is readily seen. 
This increased cash return in 1911 was $50.78 per acre. 

During these three seasons the general treatment for the vineyard 
has been the same for each season. The soil was cultivated several 
times and 420 pounds of fertilizer containing 5 per cent nitrogen, 8 per 
cent phosphoric acid, and 8 per cent potash were applied each season. 
A Bordeaux and arsenate of lead spray application, consisting of 4 
pounds of copper sulphate, 5 pounds lime, and 3 pounds arsenate of 
lead to 50 gallons of water, was made just after blossoming. A later 
application of 1 pound of copper sulphate to 100 gallons of water 
was made for protection against mildew. Thus the general treat- 
ment of the vineyard was good and conducive to the securing of 
maximum results. | 

The additional cost of material and labor involved in making the 
spray application against the grape leafhopper was as follows: 


hs No Ra. Se ae win wpb he ciale co 2 ee oe Ose ogee th Poe OO 
IRs, ee be eet oot cet eas} OA EF a ee ee ee ee 1.00 
EE RIAA ot eee ay in ais ale bested hdc Wiles ck bbe Th ose OS cede 1%6 
Tobacco extract No. I (strength 3 quarts to 100 gallons of water, applied 175 
SIS peg SINR ae ge per gallon... .85 
NS SE Teo 2 Pn a 3. 36) 
Sennen Or apraying 3 acresyper day)... 2... 25 2c. 62 ne ee ewe wc neneeees 8. 36 
mera L ACTO! st te ee Sites Dale olan Sattees 2.79 


The power was supplied by a tractor sprayer. 

There is no doubt that this tobacco-extract application during the 
past two seasons has effectively controlled the grape leafhopper and 
is largely responsible for the increase in crop yield and for the vig- 
orous growth of vine in this vineyard. 


EXPERIMENT IN VINEYARD OF MR. W. E. GRAY, NORTH EAST, PA. 


The vines in the vineyard of. Mr. W. E. Gray, North East, Pa., 
were badly infested by grape leafhoppers. They were five years old 
and were bearing a heavy crop of fruit. No spray treatment was 


given them except with tobacco extract No. I for this pest. About 
40814°—Bull. 116, pt. 1-122 
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6 acres were sprayed with tobacco extract No. I. An acre was left 
unsprayed in the middle of this block. 

A gasoline- ere sprayer outfit was used to make the application. 
The ‘‘trailer’? method of application was employed. 

About 15 per cent of the nymphs of the first brood had developed 
wings when this spray application was made, July 11 and 12. Nearly 
all of the nymphs were about full grown and it was thought desira- 
ble to use a stronger dilution than in the foregoing experiment. The 
tobacco extract No. I was used at a dilution of 1 gallon to 100 gallons 
of water. <A pressure of about 125 pounds was maintained through- 
out. Two leads of hose were used and about 275 aaa of liquid 
were applied per acre. 

Within about three weeks after the application was made the dif- 
ference in injury on the sprayed and unsprayed grape leaves became 
noticeable. Upon the unsprayed vines the winged adult “‘hoppers”’ 
were very numerous and the leaves were commencing to turn brown 
and only a small amount of new growth was being made. 

Upon the sprayed vines, on the other hand, the number of winged 
adults was noticeably much smaller, the foliage was dark green and 
healthy, and the new growth of vine was quite thrifty throughout 
the growing season. When the fruit commenced to ripen it became 
quite evident that the berries and the clusters would be smaller and 
the fruit not so purple in color upon the unsprayed vines as upon 
those that were sprayed. Plate II, figure 1, shows a vine in the 
unsprayed plat. Plate II, figure 2, shows a vine in the sprayed plat. 
When the crop was harvested the sprayed plat yielded 128 baskets 
of grapes per acre more than the unsprayed plat. This fruit was 
sold at 10 cents per basket, giving a gross cash gain of $12.80 per acre. — 
The cost of spray material and labor of making the application 
against this pest was as follows: 


Team.and driver per day. 0.0 es os Naa eee eee ee ae $4. 50 
Two men to-apply-spray, $1.75 per day. 5.22. 222-55 520e see = hn oe ee ee 3. 50 
Tobacco.extract No.1, 275 gallons periacne 2522 1.2.2 ese oe ee “ioe 
Siz acres sprayed per day,.cost per actes... 95-2)... bee eo ee ee 3. 66 
Imercased.cash ‘yield per acre, sprayed: plats... <-2202 25.4.2. 12. Se ee 12.80 
Cost of materialand ‘application per acre.3..2.5.. 1 7.4.3. a8. Sse oe 3. 66 
Cash increase per acre on sprayed vines. / 50. ...3--02-2 2) oe oeeee ee ee 9.14, 


Thus the net yield on the sprayed plat after deducting all expense 
of labor and material was $9.14 per acre. In addition to this increase 
in crop yield the sprayed vines made a more vigorous and healthy 
growth than did the unsprayed vines, and the Pruitt was of much 
better quality. 


SPRAYING AGAINST GRAPE LEAFHOPPER. , 


EXPERIMENT IN VINEYARD OF MR. J. E. BEATTY, NORTH EAST, PA. 


_ The vineyard of Mr. J. E. Beatty, North East, Pa., had been badly 
infested by grape leafhoppers for several years. As a result of their 
injury the cane growth of the vines had been greatly reduced and 
there had been a corresponding reduction in yield of fruit. Thir- 
teen acres of the worst infested sections of this vineyard were sprayed 
in 1911. Unfortunately, the spraying was not commenced until 
about 15 per cent of the first nymphs to hatch had changed to the 

winged form. The application was made July 12 and 14, using a- 
- gasoline-engine power-spraying outfit with two ‘‘trailer” leads of 
hose (see Pl. ITI, fig. 1). A pressure of 175 pounds was maintained 
and about 250 gallons of liquid were applied per acre. Tobacto 
extract No. I was used at a dilution of 1 part to 150 parts of water. 
This dilution gave good results, even though a large percentage of 
the nymphs was in the last molt. Within about three weeks after 
the application was made the foliage of the unsprayed vines com- 
menced to turn brown, and as the season advanced new growth at 
the end of the canes ceased, whereas on the sprayed vines the foliage 
remained green and the new growth continued to develop until late 
in the season. The berries were larger and a darker purple in color 
upon the sprayed vines. When the crop was harvested the fruit 
from 300 vines in the unsprayed plat and from the same number of 
vines on the sprayed plat was weighed and showed a gain of 690 
pounds from the sprayed plat, thus giving an increase of 1,380 
pounds per acre. This fruit was valued at $0.015 per pound, show- 
ing a gross cash gain of $20.70 per acre. The cost of spray material 
and labor of application was as follows: 


EE PRD (6, 2 ic Sis beaten ie dn yo oS alates dL ee ane eee yack $4. 50 
200 gallons of tobacco extract No. I, diluted spray....................--.-.--- 1. 41 
IMITATE’ TOAAIGS. oo oa oo mel myn ves aos san oe sad ans wees lainey 3. 50 
are raved per day, cost per acre. .......-- 2-2-2 eee ee eee 2. 74 
EGE DOT SOLS. in oe a'eete weeds oe Dongs dae samege be eee a eee 20. 70 
IE TEC. SLEVPNICA LION. 25 occ acca e ee nen en enn ces e seen es cele bes 2.74 

meena) Pain per acre on sprayed vines: .......- 1.2.2.2... e cic e gece ee 17. 96 


EXPERIMENT IN VINEYARD OF MR. D. C. BOSTWICK, NORTH EAST, PA. 


The grape leafhopper was very numerous in the vineyard of Mr. 
D. C. Bostwick, North East, Pa., during the summer of 1911. The 
experiment was undertaken on a block of young vines in the second 
year of bearing. The vines in this block were quite uniform and 
carried a heavy crop of fruit. About 15 per cent of the nymphs had 
transformed to adults when the spray application was made. The 
spray was applied from July 13 to 15. Three acres were taken in 
about the middle of the block. One acre on each side‘of the untreated 
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acre was sprayed. The work was done with a tractor vineyard 
sprayer. This machine had been in use several seasons and was not 
working at its best. The spray was applied by the ‘‘trailer”’ method. 
Owing to the poor working of the pump a high pressure was not 
maintained. The pressure varied anywhere from 150 pounds to 50 
pounds. Most of the time it ran below 80 pounds. For this reason 
it was thought necessary by Mr. Bostwick to make the application on 
both sides of the trellis. In spite of these drawbacks good results 
_were secured. About 275 gallons of liquid were applied per acre. 
This is more liquid than would have been applied by this machine 
had it been in good working condition and, in addition, more time 
was consumed in making the application on both sides of the row. 
About 600 gallons of spray were applied per day covering about 24 
acres. Tobacco extract No. II was used at a dilution of 1 to 1,300 
parts of water. , 


Labor cost.of application per acre. 2.22.22... |. 3s $2. 75 
Tobacco extract No. I[—1 to 1, 300 parts water, peracrest2 2 =e eee 2. 58 
Total cost of labor and material per acre....-.-..-.--- pk RS eee 5. 33 


The net yield of grapes from the three plats was as follows: 


One acre of vines east of unsprayed plat.......................- 8,462 pounds grapes 
One acre of vines west of unsprayed plat..............-....:--. 8,327 pounds grapes 
One aere of vines, unsprayed ‘plats >: “4.27. - ee ae eee ee 7,153 pounds grapes 


The cash value of the fruit was $25 per ton, or $0.0125 per pound. 


Cash -value.of yield on lacre east of. check: @22. 5). 2 ieee eae see $105. 77 
Cash value;ot yield on, Jacre west: ot check. 22.22... -5- ae see ee eee 104. 09 
Cash value of yield on 1 acre unsprayed.........-...-- is. a 89. 41 
Increased yield on west plat per acre over check was 1,309 pounds, or....... 16. 36 
Increased yield on west plat per acre over check was 1,174 pounds, or.....- 14. 67 


Net cash gain on sprayed plats after deducting cost of labor and 
material: 


Gross' gain on plat west of check per acre. 226.2222... benee es eel See eee $16. 36 
Total ‘cost of labor and material per acre... 2o2222 2 ee eee ee eee 5. 33 
Net gain resulting from spraying per acre!:-.0s..6-22- 22 -ee- eee 103 
Gross gain on plat east of check per acre..-.-.--..-- he Sas ately ate ote ee ee 14. 67 
Total cost.of labor and material per acre. -2.) 5.22) ae ee ee 5. 33 
Net cash gain resulting from spraying per acre. ..........-..-:------- 9. 34 


In addition to this increase in weight of fruit yield it was observed 
that the berries of the grapes were much larger and of better color 
than was the fruit on the unsprayed vines. It was also observed that 
the fruit from the sprayed vines gave a greater weight per basket. 

507 baskets from the west plat averaged 20.7 pounds per basket. 


497 baskets from the east plat averaged 20.7 pounds per basket. 
478 baskets from the unsprayed plat averaged 19 pounds per basket. 
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Fic. 1.—SHOWING CONDITION OF VINE INJURED BY THE GRAPE LEAFHOPPER IN THE 
UNSPRAYED PLAT. NOTE LOSS OF FOLIAGE, AND ALSO THE BERRIES FROM THE CLUS- 
TERS. VINEYARD OF Mr. W. E. GRAY, NORTH EAST, PA. (ORIGINAL.) 


FIG. 2.—SHOWING CONDITION OF VINE IN PLAT SPRAYED WITH TOBACCO EXTRACT No. 1, 
AGAINST THE GRAPE LEAFHOPPER. NOTE THE LARGER SIZE OF THE BERRIES IN THE 
CLUSTERS, HEAVY FOLIAGE AND STRONGER CANE GROWTH. VINEYARD OF Mr. W. E. 
GRAY, NORTH EAST, PA. (ORIGINAL.) 


COMPARISON OF SPRAYED AND UNSPRAYED PLATS. 
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FiG. 1.—GASOLINE-ENGINE SPRAYER SUPPLYING POWER FOR TWO “TRAILER” LEADS OF 
HOSE, IN SPRAYING AGAINST THE GRAPE LEAFHOPPER. VINEYARD OF MR. J. E. BEATTY, 
NORTH EAST PA. (ORIGINAL.) 


Fig. 2.—GASOLINE-ENGINE SPRAYER SUPPLYING POWER FOR TWO “ TRAILER” LEADS OF 
HOSE IN SPRAYING AGAINST THE GRAPE LEAFHOPPER. VINEYARD OF THE PEACOCK- 
ROOD COMPANY, WESTFIELD, N. Y. (ORIGINAL.) 


SPRAYING AGAINST THE GRAPE LEAFHOPPER. 
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This shows an average increase in weight of 1.7 pounds per basket 
for fruit from the sprayed vines. As inthe case of all the other exper- 
iments, the foliage on the sprayed vines remained green and healthy 
throughout the season, and new growth of canes continued to be made 
for a longer period than upon the unsprayed vines. 


USE OF COMBINED CONTACT AND POISON SPRAY. 


In addition to the experiments described, in which the spray ingre- 
dients consisted of either tobacco extract No. I and water or tobacco 
extract No. IJ and water, other experiments were made, in one case 
adding the tobacco extract No. II to Bordeaux mixture and fish-oil 
soap. In this experiment about two-thirds of an acre of the infested 
vines was sprayed with the Bordeaux, fish-oil soap, and tobacco 
extract No. IJ mixture, and about one-third of an acre was sprayed 
with tobacco extract No. II and water. So far as could be observed 
the killing effect of tobacco extract No. II upon the nymphs when 
mixed with the Bordeaux and soap was in no way lessened; nor 
Was any injurious effect apparent to the leaves and fruit of the vines 
sprayed with this mixture. The ingredients were used in this mixture 
at the following dilution: Bordeaux mixture, 3 pounds lime, 3 
pounds copper sulphate to 50 gallons of water, plus 2 pounds of fish- 
oil soap, and tobacco extract No. IT at a dilution of 1 to 1,500 partsof 
the Bordeaux mixture. Tobacco extract No. II at a dilution of 1 to 
1,500 parts water. 

In another experiment 5 acres of vineyards were sprayed with a 
mixture of Bordeaux, arsenate of lead, and tobacco extract No. I, at 
the following dilution, 3 pounds of lime, 3 pounds of copper sulphate, 
2 pounds arsenate of lead to 50 gallons of water plus tobacco extract 
No. I, 1 to 150 parts of the Bordeaux mixture. So far as could be 
observed the killing effect of the tobacco extract upon the nymphs 
was not lessened in this mixture nor were any injurious effects from 
this mixture observed upon the foliage and fruit of the vines. The 
object of adding the tobacco ingredient to the Bordeaux and the 
arsenate of lead mixtures is an endeavor to reduce the number of 
applications made necessary in some instances to control the several 
insect and fungous enemies attacking the foliage or the fruit of the 
grapevine. The advisability of applying the tobacco extracts against 
the grape leafhopper with Bordeaux and arsenate of lead will be a 
matter for the individual vineyardist to decide after he has made a 
thorough examination of his vineyard to determine if other insects 
are present in numbers sufficient to warrant their treatment. The 
insects which may possibly be infesting the foliage or fruit of the grape 
at the time of treating the nymphs of the grape leafhopper with the 
tobacco extracts are the grape rootworm and the grape berry moth. 

The second poison application against the grape rootworm to the 
surface of the leaves of the grape is usually made during the first two 
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weeks in July. At this time also larve of the grapeberry moth are 
hatching from eggs deposited upon the grape berries. Since it is 
impossible to cover thoroughly the underside of the grape leaves in 
spraying for the grape leafhopper without thoroughly wetting the 
grape clusters it is reasonable to infer that the addition of arsenate 
of lead would also assist in checking the injury to the grape berries 
by the larve of the grape berry moth. In addition to this the Bor- 
deaux mixture will control the development of mildew on the stems 
of the grape clusters. The upper surface of the grape leaves also is 
covered during this process (see Pl. III, fig. 2); hence, if arsenate of 
lead is present with the tobacco extract this application will control 
the late emerging beetles of the grape rootworm. As intimated 
above, the advisability of making this combination of ingredients 
must be decided by the prevalence and abundance in the vineyard 
to be treated of the several insects referred to. It should also be 
borne in mind that this combination treatment is submitted as a 
suggestion. 

The mixing of the tobacco extracts with Bordeaux and arsenate of 
lead this season was done for the sole purpose of determining if this 
mixture would be injurious to the grape foliage and berries. As men- 
tioned above, no injurious effect to the vine was observed. Arsenate 
of lead is the only arsenical that should be used with tobacco extracts, 
since both arsenite of lime and Paris green cause serious burning of 
the foliage when mixed with the tobacco extracts. 


EFFECT OF GRAPE LEAFHOPPER CONTROL ON QUALITY OF FRUIT 


As mentioned in foregoing paragraphs dealing with results secured 
in these spraying experiments with tobacco extracts, it was observed 
that in every case where the nymphs were successfully controlled the 
berries of the grape clusters from these vines were much larger, a 
darker purple in color, and much sweeter than the fruit from un- 
sprayed vines in the same vineyard. In order to ascertain if there 
was any marked difference in the sugar content of the grapes from 
vines growing in the sprayed and unsprayed plats samples represent- 
ing the average condition of the fruit from sprayed and unsprayed 
vines from experimental plats in the vineyards of Mr. J. E. Beatty 
and Mr. W. E. Gray, North East, Pa., were submitted for analysis. 

These samples of grapes taken for analysis were forwarded to Prof. 
Wm. B. Alwood, in charge of Enological Investigations at the labora- 
tory of the Bureau of Chemistry located at Sandusky, Ohio. The 
samples were there analyzed in connection with the extended studies 
that Prof. Alwood is making of the chemistry of many varieties 
of grapes grown in the eastern United States in relation to wine 
production. 

The report received from Prof. Alwood on these samples of grapes 


from these sprayed and unsprayed experimental plats is given in 
Table I. 
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In comparing the sugar content of the samples from the sprayed 


and the unsprayed plats it will be observed that the sample from the 


unsprayed plat under serial No. 3154 showed a sugar content of only 
8.61 grams per 100 c. c. as against 16.18 grams per 100 c. c. for sample 
3153 from the sprayed plat. In other words, the sample of grapes 


taken from the plat where the injury to the foliage of the vines by 


the grape leafhopper was unchecked, by withholding the tobacco- 
extract spray against the nymphs, contained only about one-half the 
sugar content that was present in the sample taken from the vines 
which were sprayed with the tobacco against this insect in the 


nymphal stage. Samples under serial No. 3156 from the unsprayed — 


plat show a sugar content of 4.66 grams per 100 c. c. less than sample 
No. 3155, taken from the sprayed plat, and sample No. 3260 from 
fre sal plat shows a sugar content of 6.37 grams per 100 c. c. less 
than sample 3261, taken from sprayed vines in the same vineyard. 

In answer to an inquiry as to the approximate difference in value 
of the fruit from these sprayed and unsprayed plats for use in making 
wine or grape juice Prof. Alwood gives the following reply: 


In response to your question I may say that the sugar content of the three untreated 


plats is so low that they would have no value whatever for making pure wine or unfer- . 


mented grape juice and could only be used for some low grade sophisticated products. 


Thus the analysis of these samples of fruit indicates that serious 
injury to the foliage of the grapevine by the grape leafhopper greatly 
impairs the quality of the fruit. A definite knowledge of this fact 
furnishes an additional reason why the vineyardist should resort to 
every practical means at his disposal for the control of this insect 
whenever it is at all numerous in his vineyard. 


CONCLUSION. 


The field experiments made during the season of 1911 against the 
orape leafhopper and recorded in this paper show that a single applica- 
tion of the tobacco extracts applied against this insect in the nymphal 
stage as a contact spray will reduce its numbers to such an extent 
that the infested vines will remain in good foliage throughout the 
season and mature a crop of high-quality fruit. 

As indicated by the variation in the time and rapidity in develop- 
ment of the nymphs in 1910 and 1911, it is evident that no definite 
date for making the spray application can be given. Where the 
winged adults are at all numerous in the early part of the season the 
vineyardist is urged to examine the underside of the grape leaves 
toward the middle and the end of June and to observe the number and 
size of the nymphs. The spray application to be most effective 
should be made at about the time the first nymphs to hatch are near 
the last molt. This is indicated by the length of the wing pads. 
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(See fig. 3.) At this time the underside of badly infested leaves will 
be covered by the nymphs in all stages of development. Generally 
speaking, this condition is likely to occur in the Lake Erie Valley from 
July 1to15. All of the field experiments conducted in 1910 and 1911 
were made between these dates and in every instance very satisfactory 
results were secured. Since the nymphs continue to hatch over a 
long period, if the spray application is made while the first nymphs 
to hatch are quite small large numbers are likely to hatch after the 
spray application has been made, thus necessitating a second applica- 
tion a few weeks later. On the other hand, if the application is with- 
held until many of the nymphs have developed wings it is doubtful 
if large vineyard areas can be treated before a large percentage of 
the nymphs have reached the winged stage. For it must be under- 
stood that the tobacco extracts at the dilutions recommended are 
effective only against the wingless nymphs infesting the underside of 
the grape foliage. Where it is necessary to treat large areas for this 
pest, observation would indicate that spray applications should 
commence during the first week in July. 

Observations on the abundance and the extent of injury wrought 
by this insect pest of the grapevine in the vineyard areas of New York, 
Pennsylvania, and Ohio bordering on Lake Erie, and also in the vine- 
yard areas of Michigan, indicate that its depredations have increased 
during the past few years. Progressive vineyardists are commencing 
to realize that the accumulated injury to the vines- by this pest is 
responsible for curtailment in crop yield and inferiority in quality of 
fruit wherever it is present on grapevines in large numbers and that 
steps must be taken to accomplish its control. It is for this reason 
that the experiments presented in this paper were undertaken, and 
it is hoped that the results obtained are of sufficient commercial value 
to encourage grape growers having vineyard areas infested by the 
grape leafhopper to adopt this method of control. 


Ge adem enh COPIES ofthis publication 
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THE GRAPE-BERRY MOTH. 


(Polychrosis viteana Clem.) 


By Frep JoHnson and A. G. Hammar, 
Entomological Assistants. 


INTRODUCTION. 


The grape-berry moth, Polychrosis viteana Clem. (Pl. IV), is an 
insect enemy of the grape of long standing in the vineyards of the 
Lake Erie Valley. Since the first reports of its serious injury to 
the grape crop near Hudson, Ohio, in 1868, it has been an almost 
continual menace to grape production in vineyards located along 
the shores of Lake Erie from Sandusky in Ohio eastward into 
Pennsylvania and New York. Most of the data dealing with this 
insect cover a series of life-history records and field experiments con- 
ducted during the seasons from 1907 to 1909, inclusive, in connec- 
tion with the investigations of the grape rootworm and other insect 
pests of the grapevine which have been carried on at North East, 
Pa., by the section of the Bureau of Entomology engaged in decid- 
ciduous fruit insect investigations under the direction of Mr. A. L. 
Quaintance. 

Before entering into a discussion of the detailed life-history studies 
and remedial measures, a brief résumé of an historical nature is given, 
showing the attention this insect has received from earlier entomolo- 
gists. In treating of its origin and distribution it is pomted out that 
for many years it was confused with the European grape-berry moth, 
Eudemis botrana Schiff., an insect which is very destructive to the 
berries of grapes in the vineyards of southern Europe and to which it 
is closely related and bears a very close resemblance, both in appear- 
ance and in the manner in which it attacks the grape. 

Earlier entomologists credited the grape-berry moth with having a 
number of food plants, but the studies of the late Prof. M. V. Slinger- 
land in 1903 and 1904 indicate that several other species of Polychrosis 
have been confused with P. viteana, and that the latter feeds and repro- 
duces only in the berries of grapes, wild and cultivated. His conclu- 
sions are borne out by the observations made during this investiga- 
tion, for in no case has this insect been reared from anything but 
blossom clusters and berries of the grape. 
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Those regions where serious outbreaks of this pest have occurred 
have been recorded and the habits of the insect and the character of 
injury are described in detail. Since the character of injury to the 
grape berry by the grape curculio (Craponius inxqualis Say) coincides 
quite closely with that of the grape-berry moth, the work of this 
insect is described in order that the jury done by these two insects 
may not be confused. 

A description is given of the stages of the insect, those of the larval 
and adult forms being quoted from the paper on ‘‘Some new species 
of Polychrosis,’”’ by Mr. W. D. Kearfott.! 

In connection with the rearing experiments it has been found that 
a large number of hymenopterous parasites prey upon this insect in 
its larval and pupal stages, and during this investigation 12 additional 
parasites have been added to the list recorded by Prof. Slingerland in 
1904. 

During tae seasons of 1907 and 1908 the investigation of the grape 
root-worm occupied the greater part of the time of the force engaged 
in the study of grape pests. For this reason the life-history studies 
covering those seasons were rather fragmentary. During the season 
of 1909, however, the junior author devoted the greater share of his | 
time to a detailed study of the life history of this pest. From the 
records secured by him in this relation the data covering the various | 
stages of a large number of individuals, presented under the topic of 
seasonal history for 1909, have been compiled. 

These life-history studies indicate that there is only one full brood 
of larve and a partial second brood each season in this region, whereas 
it was previously supposed that there were two full broods and a par- 
tial third brood of larvee. These records also show the relation of the 
emergence of the spring brood of moths to the time of blooming of the 
grape, and the approximate percentage of first-brood larve which 
appear before and after the blooming period, thus indicating the pos- 
sible relative value of poison-spray applications made against the 
larvee before and after the blossoming period. 

Field experiments with poison sprays covering several acres of 
badly infested vineyard were conducted for the three consecutive 
seasons of 1907, 1908, and 1909, in the vineyard of Mr. W.S. Wheeler, 
at North East, Pa. These experiments indicate that on account of 
the extreme variability of infestation of vineyard areas by this pest 
it is very difficult to lay out an arrangement of plats which will show 
the relative value of poison-spray applications of varying strength 
and time of application. Yet there is no doubt that poison-spray 
applications, made with thoroughness and with due regard to the 
manner of application, at the time that the larve of the first brood 


1 Trans. Amer. Ent. Soc., vol. 30, pp. 292-293, 1904. 
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are hatching in large numbers, will result in a considerable reduction 
in the injury wrought to the grape berries by this pest. 

Recommendations offered for the control of this insect in regard 
to the time and manner of making spray applications are based upon 
the data obtained in the study of the life history and habits of the 
grape-berry moth during this investigation, correlated with the field 
experiments and observations covering that period. Since these life- 
history studies have shown considerable deviations from those previ- 
ously recorded in regard to the time of appearance of certain stages 
of the insect and in the number of broods each season, it has been 
necessary to revise our ideas somewhat as to the relative importance 
of the spray applications formerly recommended; and since suitable 
opportunities have not presented themselves for a thorough trial of 
this revised spray schedule, some of the recommendations along this 
line are offered rather in the form of suggestions than as definitely 
demonstrated and proved methods. 


HISTORY. 


The American species, Polychrosis viteana, was first described by 
Clemens in 1860, in the Proceedings of the Philadelphia Academy of 
Natural Sciences. In addition to a description of the adult moth 
Clemens makes some statements as to the habits and food plants of 
the larva. (See discussion under Food Plants, p. 20.) 

In 1869 Packard, in his “Guide to the Study of Insects,” has de- 
scribed this insect under the name of Penthina witworana. In a foot- 
note, however, he states, “It is the Lobesia botrana of southern 
Europe according to Prof. Zeller.” 

About this date Dr. C. V. Riley sent some specimens of the Ameri- 
can-reared species to Mr. P. C. Zeller, of Stettin, Prussia, who iden- 
tified them as the European species Lobesia botrana and Packard’s 
footnote quoted above is doubtless the result of Zeller’s identifica- 
tion of the American specimens sent to Europe by Dr. Riley. 

From 1870 until 1903 American entomologists accepted the state- 
ment of Zeller that the grape-berry moth found in this country was 
of European origin. In 1903, however, the study of this insect was 
taken up by Prof. M. V. Slingerland in the vineyards of Chautauqua 
County, N. Y. Owing chiefly to some variation in the habits of 
hibernation of the American species from that of the European 
species—namely, that it makes its overwintering cocoons on fallen 
leaves, whereas cocoons of the European species are found upon the 
trellis posts and the trunks of the vines—and since in addition to 
this the American grape-berry moth is quite common in the fruit of 
wild grapevines growing at considerable distances from cultivated 
grapevines, Prof. Slingerland was led to surmise that the American 
grape-berry moth is a native American species. 
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In addition to accepting the conclusion of Dr. Riley and Mr. Zeller 
that the American grape-berry moth is an introduced species, Ameri- 
can entomologists previous to Prof. Slingerland’s investigations 
were under the impression that this insect fed and reproduced on sev- 
eral plants other than the grapevine. During his investigation of 
this insect Prof. Slingerland reared adult moths from many of the 
plants upon which the grape-berry moth was supposed to feed and 
in no case was this insect reared from any other plants than from the 
fruit and blossom clusters of the wild and the cultivated grapevines. 
Authentic specimens of the European species were secured by him, 
and these, together with moths reared from other plants and sup- 
posed to be the grape-berry moth, were turned over to Mr. W. D. 
Kearfott for comparison with a large number of American grape- 
berry moths reared from the fruit of both wild and cultivated grapes. 

These comparisons and rearing records made by Mr. Kearfott and 
Prof. Slingerland have resulted in the former separating the Poly- 
chrosis viteana of Clemens from the European species and consid- 
ering it a distinctly native American species feeding and reproduc- 
ing solely upon the blossom clusters and the fruit of wild and culti- 
vated grapevines. Closely related forms of Polychrosis reared from 
plants other than the grape have been divided by Kearfott into 
several new species. | 


ORIGIN AND DISTRIBUTION. 


In regard to the origin of the grape-berry moth, as mentioned 
under the topic dealing with the history of this insect, American 
entomologists previous to the investigations of Prof. M. V. Slinger- 
land considered it to have been introduced from Europe. On page 
56 of Bulletin No. 223 of the Cornell Agricultural Experiment Station 
issued during 1904, Slingerland gives several paragraphs under the 
heading ‘‘Comparative notes on the American and European grape- 
berry moths” which present his views and conclusions on this subject. 
These are as follows: 


COMPARATIVE NOTES ON THE AMERICAN AND EUROPEAN GRAPE-BERRY MOTHS. 


In 1860, Clemens (Proc. Acad. Nat. Sci. Phila., p. 369) named some moths Endo- 
piza? viteana which he reared from caterpillars feeding on grape-berries, wild raspberry 
fruits, and leaves of sassafras. About eight years later, the grape-feeder attained the 
rank of a serious pest in vineyards, and two other names were suggested for it. Rath- 
von (Prac. Farmer, Nov. and Dec., 1868, p. 170 and 48) called it the grape codling- 
moth (Carpocapsa vitisella) and Packard gave it the name of Penthina vitworana 
(Guide the Study of Insects, p. 336). In 1870, however, Riley sent specimens to 
Zeller in Prussia, and he said they were identical with the European grape-berry 
moth (Hudemis botrana Schiff.), thus relegating the American names into the syn- 
onymy where they have since remained undisturbed. As soon as we found that the 
insect infesting New York grape-berries was not following the scheduled life-history 
of the European pest, doubts at once arose regarding the identity of the American 
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and European grape-berry moths in spite of Zeller’s dictum which had stood unques- 
tioned for over thirty years. Several authentic specimens of the European moths 
were obtained and have been critically compared by an expert, Mr. W. D. Kearfott, 
with dozens of the moths reared from American grapes, both wild and cultivated, 
and also with the type specimens of Clemens’s viteana and some of Riley’s material. 
Briefly stated, the conclusion is that the American grape-berry moth is Clemens’s 
viteana which is distinct and easily separable from the European insect. This con- 
clusion, based on a comparison of the moths alone, is strongly supported by our ob- 
servations on the difference in the life-history of the two insects, and the fact that 
the American insect freely infests both our wild and cultivated grapes. 

The general coloration of the moth of the European insect * * * isanashy gray 
with pale grayish hind wings, while the American moths range a trifle smaller, and 
are of a general purplish-brown color with smoky-brown hind wings. And the large 
outer marginal patch near the fringe of the front wings affords a sure and easy distin- 
guishing mark between the two insects. In the European botrana, the outer edge of 
this pale olive-green patch is rounded and not indented below, while in the American 
viteana this dark-brown patch is indented above the anal angle by a spur of the lighter 
ground color of the wing. This characteristic difference is well shown in Fig. 24. 
-There is considerable variation in the indentation of this patch in viteana but it is 
‘always present; we have a few specimens where the indentation extends through the 
patch, thus making it smaller and separating off a narrow strip of it on the edge of the 
wing, but this usually occurs on one wing only, the other being nearly normally 
indented. Superficially the two insects are marked much alike, but are easily dis- 
tinguished by the characteristic differences in general coloration and the outer mar- 
ginal patch. Both species are somewhat variable in size and markings, as shown in 
Figs. 20 and 24. 

An excellent, detailed, 75-page account by G. Del Guercio of the European grape- 
berry moth was published in 1889 (Nouve Relazioni R. Stazione di Entomologia 
Agraria di irenze, Serie Prima, No. I, p. 117-193). Ina careful comparison of speci- 
mens of the early stages of our American species with Guercio’s descriptions, we found 
but few minor differences. 


The bulletin from which this quotation was made also contains 
descriptions, on pages 57 to 59, of several new species of Polychrosis, 
by Mr. W. D. Kearfott, under the title “ Descriptive notes of some new 
species of American moths that have been confused with the grape- 
berry moth.” The verdict of Prof. Slingerland that viteana is a 
native American species is now quite generally accepted and has been 
followed in the preparation of this paper. 

According to existing authentic records of its occurrence in North 
America its distribution is confined to those eastern and west-central 
States of the United States and to those eastern provinces of Canada 
in which the growth of wild and improvéd varieties of American 
species of grapes is of considerable extent (see fig. 4). For, so far as 
is known at the present time, this insect confines its depredations 
entirely to the fruit of native and improved varieties of American 
species of grapes. It is not known to occur in the vineyards of the 
Pacific slope and of adjoining States where the grapevines grown are 
almost entirely of the European or vinifera type. 

The States from which the grape-berry moth has been recorded 
are given in about the order of destructive occurrence of the insect 
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as follows: Ohio, New York, Pennsylvania, Indiana, Illinois, Michi- 
gan, Missouri, New Jersey, Virginia, Maryland, West Virginia, Iowa, 
Delaware, and Arkansas. It is also reported as occurring in a num- 
ber of other States in which the production of grapes is very 
limited, namely, Massachusetts, Connecticut, Kentucky, Kansas, 
Texas, Nebraska, and Wisconsin. In Canada it is reported from the 
vicinity of London, Ontario.' 


FOOD PLANTS. 


When Clemens described the American grape-berry moth in 1860 
he recorded it as having several food plants and made the following 
statements concerning the habits of the larva: | 


The larva feeds on the fruit of the grape in September; a silken gallery is attached 
to the external opening of the fruit. Its head is dark brownish; shield blackish; body 


ypRecorded distribution 
of Polychrosis viteana. 


Fig. 4.—Map showing distribution of the grape-berry moth (Polychrosis viteana). (Original.) 


immaculate dark green. It may likewise be taken on the fruit of wild raspberry. The ~ 
individual feeding on the grape undergoes transformation by weaving a cocoon on the 
surface of the ground and that from the raspberry under an excised and turned down 
portion of leaf. This, however, may not be its normal habit. 


Clemens also records it as feeding on leaves of sassafras. 

Since that time a number of other entomologists have added several 
food plants to this list. Packard, in 1868, stated that the first brood 
feeds on the leaves and tendrils of the grape. 

Slingerland gives the following list of food plants added by ento- 
mologists during the next thirty years: : 


B.ackberry blossoms (Riley, 1870), roses and Vernonia or ironweed (Murtfeldt, 1880 
and 1882), tulip-tree leaves and swollen stems of Amorpha (Fernald, 1882), flower-buds 


1 SAUNDERS, WM.—Can. Ent., vol. 14, pp. 178-180, 1882. 
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of common thistle (Coquillett, 1883), berries of wild grapes (Bruner, 1895), grape 
tendrils and blossoms, seed bunches of sumac, leaves of magnolia, phylloxera lice and 
their galls (Marlatt, 1896), and moths bred from flower heads of thoroughwort or boneset 


and Ambrosia trifida have been classed with the grape-berry moth in collections. 


In all of the rearings of allied moths made by Kearfott and Slinger- 
land, viteana was not obtained from any plants other than the grape. 
This is also true of the rearings made at North East, Pa., during the 
investigations of grape insect pests which have been conducted there 
from 1907 to 1911 by the Bureau of Entomology. It is therefore 
reasonably safe to state that this insect confined its feeding and 
reproduction to the blossom clusters and berries oi the wild and the 
cultivated grape. 

Mr. Kearfott prefaces his paper! with the following statement: 


The following notes are from breeding records extending over the past four years, 
which have convinced me that each of the species described, as well as a number of 
‘others waiting for better material, completes its entire yearly cycle of two or three 
broods on a single food-plant and also with little doubt each food-plant supports a 
separate and distinct species. This does not seem unreasonable, for in Europe there 
are twenty described species of the genus Polychrosis. 


OCCURRENCE OF THE GRAPE-BERRY MOTH IN DESTRUCTIVE 
é NUMBERS. 


_ The earliest record of serious injury by the grape-berry moth in 

America is from Mr. M. C. Read, of Hudson, Ohio, in 1869. He states 
that during that season and for several seasons preceding this date 
this insect had been very injurious to grapes in vineyards in the vicin- 
ity of Hudson, Ohio.? 

Walsh in 1869 states that several persons reported to him observa- 
tions of its occurrence in injurious numbers in different parts of Mis- 
souri and southern Illinois. Riley makes the statement that in 1868 
it was common in vineyards in Missouri along the Pacific & Iron 
Mountain Railroad, and that it was equally common around Alton, 
Ill. He was also informed that it had ruined 50 per cent of the 
grapes around Cleveland, Ohio, during the same season. 

In 1870 Townend Glover reported it as occurring in large numbers 
on the fruit of grapevines in Maryland. In 1882 Saunders reported 
a serious outbreak of the pest in Canada, in vineyards in the vicinity 
of London, Ontario. In 1885 Dr. F. M. Goding reported it as being 
very injurious in vineyards near Ancona, Ill. Prof. F. M. Webster 
reported it as destroying 50 per cent of the grape crop in the vicinity 
of Cleveland, Ohio, in 1893. In this same year Prof. H. Osborn 
reported it as being injurious in vineyards near Des Moines, Iowa. 
In 1898 Prof. Webster again reported it as being very destructive in 
the vicinity of Cleveland and Gypsum, Ohio. In 1903 and again 
in 1905 Mr. A. F. Burgess found it very injurious in vineyards in the 


1 Bul. 223, Cornell Univ. Agr. Exp. Sta., pp. 57-59. 2 Riley, Missouri Report, 1869. 
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vicinity of Euclid, Ohio. He also reported it as being very injurious 
in vineyards on Kelleys Island, Ohio, in 1905. In 1906 it was 
reported by H. A. Gossard and J. 8. Houser as again being very 
injurious in Ohio on Kelleys Island, South and Middle Bass Islands, 
and also in vineyards along Lake Erie east and west of Cleveland. 
Prof. Slingerland (loc. cit.) reported that a correspondent informed 
him that the crop was entirely ruined by this insect in some vineyards 
at North East, Pa., in 1896. The same author makes the following 
statement in regard to serious infestations in the State of New York: 


¢ 


There are doubtless more or less ‘‘wormy” grapes each year in practically every 
vineyard in New York State, so that the grape-berry moth is a constant menace. 
But it seems seldom to have been injurious since 1873, when it was first reported as 
increasing in numbers in the Hudson Valley. In 1898 it was a serious pest in the vine- 
yard of a correspondent at Kendall, N. Y., and in 1902 reports reached us of its rav- 
ages all through the Chautauqua grapebelt. From portions of some vineyards near 
Brocton [N. Y.], a loss of from 25 to 50 per cent was reported, and in one case 90 per 
cent of the fruit was ruined. 

During the investigations of grape insects at North East, Pa., by 
the Bureau of Entomology, the grape-berry moth was found to be 
very injurious over limited vineyard areas in this township in 1906, 
1907, and 1908. In 1909 and 1910 the injury was not so great. In 
1911, however, the infestation was noted to be quite heavy in two 
or three vineyards. Serious injury was also noted in vineyards in 
Ohio along the lake shore east and west of Cleveland, and also near 
Sandusky. 

It is evident from these records that this is a serious enemy of the 
grape, of long standing and wide distribution throughout the vine- 
yard areas of the eastern United States. 

In the aggregate the crop loss due to its depredations must be very 
great, but owing to the irregularity with which the infestation occurs 
over vineyard areas it is exceedingly difficult to estimate the amount. 
For this reason the insect has not been subject to the persistent and 
painstaking efforts for its control on the part of the vineyardist that 
so destructive an insect pest seems to warrant. 


HABITS OF THE ADULT OR MOTH. 


The adult grape-berry moth is rarely seen in the vineyard, even in 
locations where it is quite abundant. It is a small slaty-brown moth 
with peculiar shaded brown markings on the forewings which render 
it quite inconspicuous upon the canes of the grapevine. When at rest 
with the wings folded it is about one-fourth of an inch long (see PI. 
IV, fig. 2) and measures less than one-half inch across the outspread 
wings (see Pl. IV, fig. 1). In captivity in the rearing cages the moths 
were inactive during the day, remaining stationary upon the canes- 
of the vine beneath the denser foliage or upon the woodwork of the 
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cage. Their position could be located only after an extended and 
careful search, so closely did their coloration harmonize with the 
background upon which they were at rest. Toward evening they 
became active, flying about the rearing cage and among the foliage of 
the vine, and at this time of day oviposition on the blossom clusters 
and berries doubtless occurs. At no time, however, were the females 
observed in the act of ovipositing. Practically all of the egg deposi- 
tion on grape berries in the rearing cages occurred at night; hence 
there is no doubt that the moth is largely nocturnal in its activities. 
It has been observed quite frequently, however, that in the vine- 
yards egg deposition is much heavier upon the grape clusters that are 
enveloped in dense foliage. This would indicate that conditions of 
subdued light are more favorable to oviposition than are exposed 
positions. 


HABITS AND CHARACTER OF INJURY OF THE LARVA. 


It is in the larval or caterpillar stage that this insect is injurious 
to the grape, and, as the popular name of the insect indicates, the 
berry or fruit is the part of the plant which it attacks. In 1868 
Packard recorded the larva as feeding on the leaves, but the next 
year he corrected this error, and later observations by entomologists 
have failed to confirm this habit. The first larve to hatch are from 
eges which are laid by the earliest emerging moths in spring and are 
doubtless deposited on the unexpanded blossom buds or on the stems of 
the blossom clusters. These larvee attack the blossoms and the tiny 
berries. In the course of its movements, which must cover the entire 
blossom cluster, the larva spins a silken web. This web binds to each 
other and to the stem the dried corollas, stamens, and partly devoured 
berries, forming a conspicuous mass (see fig. 5). Usually, however, 
these webs formed during the blossoming period of the grape are 
not very numerous except in those portions of vineyards where 
the infestation is very heavy. In addition to attacking the blos- 
soms and small berries of the young grape clusters the larva some- 
times burrows into the stem, destroying a part of the cluster (see 
Pl. V, fig. 1). As the berries increase in size the small, scale-like, 
semitransparent eggs are readily found upon them. The portion of 
the berry at which the larva enters takes on a conspicuous purple 
color, and not infrequently the infested berries crack open as illus- 
trated in Plate V, figure 2. In addition to destroying the berry 
first attacked, the larva connects it to an adjacent berry by silken 
strands, forming a tunnel between the partly injured berry and the 
sound one. This forms an avenue of escape for the larva when the 
berry first attacked is so badly injured that it breaks away from the 
stem (see Pl. V, fig. 2). When the larve of the first brood have 
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attained full growth they leave the web or the partly grown fruit 
and travel to the leaves, upon which they form pupal cases. The 


Fic. 5.—Injury to grape cluster by larva of grape-berry moth during and just after the 
blooming period. (Original.) 


larva makes the pupal case by cutting away a portion of the leaf and 
drawing the free edge down to the surface of the leaf with strands 


Fie. 6.—Pupal cases made on grape lear by full-grown larvee of the 
first brood of the grape-berry moth. (Original.) 


of silk (see fig. 6). The inside of the case is teen with the same 
silken material. In this case the larva transforms to the pupa (see 
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FiG. 1.—SHOWING DESTRUCTION OF PORTION OF GRAPE CLUSTER, AS A RESULT OF 
BORING OF LARVA INTO STEM; NOTE ALSO DRAWING TOGETHER OF BERRIES BY THE 
WEBB. (ORIGINAL.) 


FiG. 2.—SHOWING CRACKING OF INFESTED BERRIES AND ALSO THE WAY IN WHICH 
BERRIES FIRST ATTACKED ARE SECURED BY WEB TO BERRIES WHICH ARE ATTACKED 
LATER IN THE DEVELOPMENT OF THE LARVA. (ORIGINAL.) 


INJURY TO GRAPES BY LARVA OF FIRST BROOD OF GRAPE- 
BERRY MOTH 


PLATE VI. 
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Pl. IV, fig. 4), and the latter emerges as an adult moth (PI. IV, 
fig. 1). These moths of the first brood deposit their eggs on the 
now nearly full-grown berries (see fig.7). These second-brood eggs 
are usually more numerous than those of the first brood, if the 
infestation is at all serious. They are deposited upon the surface 
of the fruit and are quite conspicuous as white scale-like spots (see 
fig. 7). When the infestation is very heavy nearly all of the berries 


Fic. 7.—Cluster of Concord grapes on which many second-hbrood 
eggs of the grape-berry moth are present. The white spots indi- 
cate the appearance and position of the eggs. Eggs with black 
centers were parasitized. (Original.) 


in the cluster may be attacked and the fruit rendered worthless. 
The larva feeds upon the pulp of the fruit and sometimes attacks 
the seeds before these commence to harden. By the time the grape 
crop is ready to harvest it is not unusual to find large numbers of 
clusters injured to the extent shown in Plate VI, figure 1. In Plate 
VI, figure 2, full-grown larvee of the second brood are shown in the 
act of leaving the fruit for hibernation. 
60141°—Bull. 116, pt 2—12--—3 


26 DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


DESTRUCTIVENESS OF THE LARVA. 


As indicated under the caption dealing with the character of 
injury, a single larva of the first brood may destroy almost an entire 
cluster about the time the grapes are in bloom (see fig. 5). For some 
time after blooming a larva is capable of destroying several berries 
or even a large portion of the cluster by attacking the stem. When 
berries are attacked after they have attained the size of a pea, how- 
ever, rarely more than two or three are destroyed by a single larva. 
Yet this restriction in the number of berries injured by the indi- 
vidual larva is doubtless more than offset by the great increase in 
the number of larve of the second brood, which are not infrequently 


Fic. 8.—The grape curculio (Craponius inzqualis): a, Adult, or beetle, from above; b, head, antenna, and 
beak of same, from side; c, adult, from side; d, larva, from above; e, same, from below; f/, pupa, from 
below. All much enlarged. (From Farmers’ Bulletin 284.) 


present in sufficient numbers to destroy nearly all of the berries in 
the cluster, as is shown in Plate VI, figure 1. From these clusters 
all the infested berries had been removed previous to taking the 
photograph. 


OTHER INSECTS WHOSE INJURY TO GRAPE BERRIES RESEMBLES 
THAT CAUSED BY THE LARVA OF THE GRAPE-BERRY MOTH. 


The only other insect attacking the berries of the grape whose 
injury to the fruit closely resembles that of the grape-berry moth is 
the grape curculio, Craponius inequalis Say. This insect, however 
(see fig. 8, a), is one of the snout-beetles or curculios. Its injury to 
the grape berry is similar to that of the plum curculio upon the plum 
and other tree fruits. The grape curculio punctures the skin of the 
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green grape and eats out a small cavity beneath the skin in which 
to deposit its egg. This injury causes a purple spot on the surface 
of the berry similar to that which occurs at the point of entrance on 
the berry by the larva of the grape-berry moth. Where the two 
insects occur in the same vineyard their work is likely to be confused. 
The larva hatching from the egg of the grape curculio is a small, 
- white, legless grub which tunnels to the center of the berry, feeds on 
the pulp, and frequently attacks the seed in much the same manner 
as does the larva of the grape-berry moth (see fig. 9, d). The larva 
of the grape-berry moth, however, is a caterpillar of a green or pur- 
plish color (see Pl. IV, fig. 3), having six well-developed legs and 
a longer and more’ slender 
body, is very active in its 
movements, and when dis- 
turbed by cutting open the 
berry which it infests is likely 
to wriggle from its tunnel and 
drop to the ground. 

The grape curculio is not 
a common pest in the vine- 
yards of New York State and 
in the vicinity of the Great 
Lakes. 

During the investigation 
of grape insects covering the 
past five years only two 
light infestations of this in- 
sect have been observed in 
the vineyards of the Lake ne. 9.—Work of the grape curculio in berry of grape: a, 
Erie Valley. Tt is, however, Berry from which grub or larva has emerged; b, adult or 

: : weevil ovipositing on berry; c, enlarged section of portion 
a common vineyard pest mM of berry, showing egg cavity and egg; d, injured berry cut 
West Virginia and in many of open, ae larva is aS a, b, d, Enlarged; c, highly 
the States of the Mississippi ct Ais a 
Valley and the Middle West. Since the beetles feed on the foliage 
of the grapevine it is readily controlled by spraying with arsenate 
of lead, the applications being made at the same date as recom- 
mended against the larve of the grape-berry moth and the grape 
rootworm. 

An account of the life history and habits of the grape curculio, 
including methods for its control, are given in Farmers’ Bulletin 
284 on “Insect and Fungous Enemies of the Grape East of the 
Rocky Mountains,’”’ by Messrs. A. L. Quaintance and C. L. Shear. 

There is also a minute chalcis fly, Hvorysoma vitis Saunders, 
which caused some alarm among vineyardists in Canada when it 
was discovered in the vicinity of London, Ontario, by Saunders in 


1Can. Farmer, October 15, 1868, p. 316. 
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1868, infesting seeds of several varieties of cultivated grapes, namely, 
Clinton, Delaware, Rogers No. 4, and an unnamed seedling variety. 
Since that time, however, this insect has failed to materialize as a 
serious enemy to cultivated varieties of grapes. The adult is a minute 
hymenopterous fly. The female insect deposits its eggs by means of 
its long ovipositor through the pulp of the grape berry into the seed. 
The eee hatching from this egg is a minute grub, which feeds upon. 
the pulp within the seed, in which it reaches full development. 
Grape berries infested by this pest shrivel and drop before the ripen- 
ing period. This shriveled condition of the berries infested by this 
grape-seed chalcis is the only evidence of its injury that is likely to 
be confused with that of the larva of the grape-berry moth. 


DESCRIPTION. 
THE EGG. 


The eggs of the grape-berry moth are oval, scale-like, semitrans- 
parent bodies about 1.75 mm. by 1.25 mm. in diameter. They are 
solidly glued to the surface of the berry and although quite flat they 
are somewhat more rounded and smaller than those of the codling 
moth, which they greatly resemble. Before the larve hatch from 
them the eggs are not very conspicuous, especially upon the green 
berries, since on account of their transparency they become lost in 
the ground color of the berry. The eggshell is finely reticulate. 
The development of the larva can be readily observed through the 
transparent shell. After the larva hatches the eggshell remains upon 
the surface of the berry and can be more readily seen than the ege 
itself and appears as a whitish spot possessing a pearly ideseenne 
Upon the purple Petet tna of the ripening fruit the eggs are much 
more conspicuous than upon the green berries, as shown in figure 7. 
The eggs with dark centers have been parasitized by the egg parasite 
Trochogramma pretiosa Riley. 


THE LARVA.! 


Larva:—9 tol0mm. Cylindrical, rather robust, tapering from [segment] 4 to head 
and [segment] 8 to anal segment. Pale olivaceous-green, with a reddish or purplish 
tinge from food. Head flattened, slightly bilobed, luteous green on upper parts of 
lobes, discolored by brown in front; mouth parts and a horizontal dash on side of 
each lobe below middle black. Pro-thoracic shield large but narrow, luteous brown, 
bisected by palegreendorsal line. Thoracicfeet black, green between joints. Tuber- 
cles plates moderate, a slight shade darker than skin, shining. Anal plate not chitin- 
ous. 


1 Description by W. D. Kearfott, Trans. Amer. Ent. Soc., vol. 30, p. 293, 1904. 
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THE PUPA. 


The pupe are 5 mm. (three-sixteenths inch) in length, light green- 
ish brown, with eyes and caudal border of abdominal segments and 
last two or three segments darker brown. ‘There is a row of coarse 
short spines near the cephalic border, a row of finer ones along the 
caudal border of the dorsum of each abdominal segment, and eight 
bristles, with recurved tips for hooking into the silken cocoon, occur 
around the tip of the abdomen. On emergence of the adult from the 
cocoon the exuvie are drawn about halfway out of the cocoon. 


THE ADULT.! 


Endopiza viteana Clem., Proc. Acad. Nat. Sci. Phila. 359, 1860. 

Carpocapsa vitisella, Rathvon, Prac. Farmer, p. 170, 1868. 

Penthina vitivorana Pack., Guide Study Ins., 336, 1869. 

Head, thorax, palpi light brown, specked with darker brown, lower and outer sides 
and tips of palpi and posterior thoracic tuft dark brown. 

Forewing :—Ground color, lilaceous-blue, middle fascia and large spots brown, over- 
laid with much black. Costal spots lighter brown. A dash of white about middle of 
outer third. 

Base to middle fascia lilaceous-blue, inner fascia almost obsolete, represented by a 
narrow band of black scales, each fringed with light brown, from dorsum but not reach- 
ing costa by a quarter, three small spots and two small ones between them of brown- 
black scales on costa before middle fascia. And in the same space on dorsum four 
black dots, the dorsal margin narrowly overlaid with light fuscous, brown and black 
scales, causing a mottled appearance. 

The middle fascia is evenly convex on its inner edge, and is of almost even width 
throughout, except at about middle of wing, the outer edge curves downward and out- 
ward at right angles to the band, and then turns abruptly upward to costa (in the curve 
thus formed rests the white oblique patch) from outer end of this branch the outer line 
of fascia continues inwardly oblique to costa, slightly indented, the lower half of 
fascia triangular. Color smoky-black on upper half, a small patch of same at one- 
third above dorsum, otherwise smoky brown, lightest at dorsum. Before anal angle is 
a triangular brown spot. Above the angle an irregular rounded blotch of brown and 
black, indented at its lower outward corner by a spur of the ground color, its outline 
also broken by a spur of ground color on its outer upper edge. Apical spot flatly tri- 
angular. Ground color of costal margin between fascia and apex, whitish blue, four 
bre-wn costal spots in this space, the inner a mere outwardly oblique line curving into 
outer lower end of second spot, latter and fourth are triangular-oblique, third spot 
rectangular. Below these spots and above the white patch are scattered a few brown 
scales. Cilia bluish grey, darker at apex and light fuscous at anal angle. Underside 
dark fuscous, whitish below fold, three geminated whitish spots on costa before apex, 
and a number of others on extreme edge of costa only, betweer these and base, cilia 
darker with narrow light subciliate line. 

Abdomen.smoky black, with metallic reflection, anai tuft silvery- white above, yel- 
lowish beneath, tipped with dark fuscous; (snloesids abdomen whitish; legs same 
inwardly and between joints, outwardly snioky- black. 

Hind wing:—Smoky fuscous, lighter towards base, darkest at apex, cilia paler; 
underside fuscous. 


i Desoription * W. D. iksartott, Tretis, Amer. Ent. Soe., Neal 30, pp. 292-293, 1904. 
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SEASONAL HISTORY. 


Observations on the life history of the grape-berry moth extend 
over the seasons of 1907, 1908, and 1909. During the latter year 
special efforts were made to obtain complete records on the develop- 
ment of the insect in its various stages. In many respects the seasonal 
conditions during 1907 and 1908 were unusual, the spring of 1907 
being late and the entire season of 1908 unusually early. The season 
of 1909 was in most respects normal. 


LIFE-HISTORY STUDIES IN 1909. 


The emergence record of the spring brood of the grape-berry moth 
was secured from leaves upon which larve had made cocoons during 
the fall of 1908. These leaves were left out of doors in a cage all 
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Fig. ene showine time of pene of spring-brood moths of the grape-berry moth in 1909, at 
North East, Pa. (Original.) 

winter so as to be subject, as nearly as possible, to natural conditions. 

On May 17, 1909, 1,000 of these cocoons were separated from this 

mass of leaves and placed in jars in an outdoor rearing shelter (see 

Pl. VII, fig. 1) and the following emergence record was secured by a 

daily examination of the jars and the removal of all moths. 


SPRING BROOD OF MOTHS. 


Time of emergence of spring brood of moths.—Table I gives the emer- 
gence of all the moths from these jars. The total number of moths 
to emerge was 507. The number of moths that emerged from June 
3 to June 14 was 28, or 5.5 per cent; from June 14 to July 14, 455, 
or 89.8 per cent; from July 14 to August 5, 24, or 4.7 per cent. The 
maximum emergence occurred June 21. (See fig. 10, showing time 
of emergence of the spring-brood moths.) 
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TasLe I.—Time of emergence of moths of the grape-berry moth in the spring of 1909 at 
North East, Pa. 


Date of | Num- |} Date of | Num- || Date of | Num- |} Date of | Num- |} Date of | Num- 
emer- ber of emer- ber of emer- ber of emer- ber of emer- ber of 
gence. |moths.|} gence. |moths.|| gence. |moths.|} gence. |moths.|| gence. | moths. 


July 30 


June 3 1 || June 18 18 || July 1 19 || July 14 3 1 
6 2 19 17 2 18 15 2 31 1 
(4 3 20 23 3 4 16 6 || Aug. 1 0 
8 5 21 32 + 11 17 3 2 0 
9 1 22 22 5 9 19 2 3 0 

10 2 23 25 6 4 20 1 4 1 
11 4 24 21 7 14 22 2 5 0 
12 3 25 23 8 3 23 0 
13 7 26 24 9 4 24 0 Total .} 507 
14 te 27 9 10 11 25 0 
15 5 28 23 11 6 26 1 
16 14 29 29 12 6 27 1 
17 26 30 6 13 12 28 0 


Since the blossoming period of the grape in the Lake Erie Valley 
occurs usually from June 13 to June 20, this emergence record of the 
spring moths indicates that the maximum emergence takes place 
during and after the blossoming period. This record also indicates 
that the small percentage of webs containing larve found in the 
blossom clusters does not represent the full spring brood from spring- 
emerging moths, as has been supposed by some investigators, but 
merely represents the offspring of a very small percentage of the 
earliest appearing moths. 7 

Oviposition of spring-emerging moths in confinement.—The female 
grape-berry moth does not oviposit readily in confinement, which 
accounts for the somewhat meager oviposition records obtained. 
No eggs were observed in our rearing cages until the berries of the 
grape were formed and those found were always deposited upon the 
berries. 


TaBiLe II.—Oviposition of spring moths of the grape-berry moth in stock jars at North, 
East, Pa., 1909. 


Date of— Days— 
No. of | Number From 
stock jar. |ofmoths.| Emer- First Last Before | of ovi- emer- 
gence of ovi- ovi- Ovi- osition. | 2ece to 
moths. | position. | position. | position. | P ‘| last ovi- 
position 
———_] ———_— ———_ - ——— ley ji_— 
1 10 | June 17} July 1] July 5 14 5 18 
2 30 | June 18 | June 24] July 2 6 9 14 
3 15 | June 19 |...do....} June 30 5 7 11 
4 20 Are o June 30 |...do. 10 1 10 
une 
5 46 ane - \Tune 25|July 5 4 il 14 
6 12 | June 23 | June 27 | July 7 4 11 14 
7 16 | June 24} July 1] July 1 7 1 7 
8 20 | June 25 | June 29} July 8 4 10 13 
9 23 | June 26 | June 30 |} July 12 4 13 16 
10 29 | June 29} July 7/| July 9 8 3 10 
a RAIS TOR Sa SERS RG oS SE SENS Rael Re Sa 
Average...... ec a | POR ae ee 6.6 7.1] 12.7 
LU anti 1) eee RR: =e] feo en aes) eS a eg 14 13 | 18 
Lice Lor ie 2 ) eS a Fe a ee oe 4 1 ' 7 
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Table II gives a record of oviposition by spring-emerging moths 
secured during the season of 1909. This table gives the number of 
days between emergence of the moth and the first oviposition and 
also the number of days between.emergence and the last oviposition. 
The minimum period before first oviposition was 4 days; the average 
6.6 days; the maximum 13 days. The average period between the 
first and last ovipositions was 7.1 days. The longest period between 
emergence and the last oviposition was 18 days. 

Length of life of spring brood of moths.—Records from our rearing 
cages show that many of the moths wil live in confinement for a 
number of days, especially when food in the form of honey or sweet- 
ened water is supplied. Table III gives the length of life of 76 
moths, showing that the minimum life period was 4 days, the average 
12.9 days, and the maximum 23 days. The average length of life of 
the moths recorded in this experiment very closely approximates 
that of the moths recorded in Table II, which was 12.7 days. 


Taste III.—Length of life of moths of the spring brood of the grape-berry moth in con- 
finement, with food, at North East, Pa., in 1909. 


Date— Date— 
Number of Length Number of Length 
moths. of life. moths. of life. 
Emerged.| Dead. Emerged.| Dead. 
Days Days 
1) 2 ot eee eo June 19| July 3 Sees Lee June 23 | July 16 23 
ARSE eke ee Pe CO ess auliys: 46 La LO Sete tay ce ne June 24 | July 8 
7) Sg oa ge Se Osme altidibllyye 4 7h 1S ii\ el 550 3 eel dow sviily) yg 13 
GSAS lie Se Fae SECs aI dials Oa 2 ea ete eee sy N he dos-=s|anihy, 9 15 
ie Monee we Stine S PSCC S85 oll delay 8) PAU AI (a) Les aiebetiere eel a's aE GOs= aly Oily, all lf 
Gree eee | June 20 | June 29 Ohler cho 8s! ae July 4} July 12 8 
pa ee See ee J 2dois:~. holy oe TON) Qtr aes. eee ee o...-| July 14 10 
Se ee eee Pea COnee | nditaliygeres aS | eee epee 2 ae GOS | Roi lyse il 
OTe AS OP 5 ae feces dozeee | sulyes 9 WO Oe oe ete eee | eee do....| July 16 12 
iT eahe aber ees June23 | July 8 L5H [RB eee Ges July 13} July 17 4 
1 Aversa ert yeeeon cy |B do...-| July 10 1 | ee ea eee se cS does ee|) duly, 924. 11 
ype shee eee eee OOS. sai) dialhy iy QUID: pak Ses Aaa pee Mee do....| July 26 13 
TMotalimimber Ofamoths: 2.22225 sos eee aa Se re Se ee . 76 
Length of life: 
IN VOVA CC eo Sino SSR a wie Sale cpuie retain co ede ae ee Se ET SE oOo ee days.: 12.9 
Maximum). ..). 52030525524 koi eeck bee aet tae soe bee eeee 6 tee ee eee eee Co) 23 
Mi eee eee eee eee ae ee eee ere alee oo tes econ ete ee a do 4 


FIRST GENERATION. 


Incubation period of first-brood eggs.—Table IV gives a record of 
the length of the egg stage for 21 eggs of the first brood deposited 
on grape berries in the field rearing cage. The minimum length of 
the egg stage for this number of eggs was 4 days, the average 6 days, 
and the maximum 8 days. 


* Bul. 116, Part Il, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE VII. 


Fic. 1.—PORTION OF OUTDOOR SHELTER USED IN THE REARING OF INSECTS DURING 
1909. (ORIGINAL.) 


Fic. 2.—CAGE BUILT OVER GRAPEVINE IN WHICH THE GENERATIONS OF THE GRAPE- 
BERRY MOTH WERE REARED DuRING 1909. (ORIGINAL.) 


OUTDOOR REARING SHELTER AND CAGE USED IN LIFE-HISTORY 
STUDIES AT NORTH EAST, PA. 
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TasLe I1V.—Length of incubation of first brood of eggs of the grape-berry moth at North 
East, Pa., in 1909. 


Date— D: f Date— D: f 
No. of obser- nats No. of obser- ae 
vation. Wainer vation. Hatien 
Laid. | Hatched. 5 Laid. | Hatched. . 
1h See See June 25 | June 29 A UDE we eee nea July 3] July 10 7 
ae Sa June 26 | July Dal ligl seen acer neva eee do....| July 11 8 
7 Nida eee June 27| July 2 | Sey ee dulys 253|2- dos... 6 
CU ae 6 ee June 28] July 4 Gi bie ek ee fee es July 6] July 12 6 
OS aA Oe do... -| July 5 Heil Osa oeemere ae duly *7)\5.-do. 5 
Ore ee eC June 29 |...do. NET fete Oe So ects July 8] July 13 5 
Ceo See pean (ee do. . July 6 TR eee Ree oe July On|eeadoe. 4 
Rae Se ede 22 June 30} July 7 OCNWLO es rer ats eons July 10 | July 16 6 
NA ae July 1/)] July 8 TE \ 2D NSE te Sep July 12 | July 17 5 
HEED Epes get es July 2] July 9 Calliolee-c jaye nse eles = do....| July 18 6 
Th 2 Se aaa hee do.. July 10 8 
Days of incubation: 
EASE) EO a5 Gehl a oS Each SAIN oe cr ok SIO ed eee ach ERM ELLA eae Ne 6 
UR SURER ERAT ATI ec te Scrap aS cee mee) oR llc veri ee teks rs Ee BUCS ane ES Re GEA arar ert AS 8 
UNSTELTESU AIT Tesoro et eS VR eye ae eee a a Ret et hy reps es lS Tene a a es sea OO 4 


Length of feeding period of first-brood larve.—The records for the 
length of the feeding period of the first-brood larve are given in 
Table XI (p. 37), which shows a range from 19 to 33 days and an 
average of 23.2 days. The small number of observations made 
was due to the difficulty of securing the deposition of a larger num- 
ber of eggs from the moths in captivity. 

Length of pupal stage of first brood.—Table V gives the time of leav- 
ing the fruit of 285 first-brood larve and the date of emergence of the 
moths. The average time for making the cocoon was approximately 
2 days. The minimum time covered from leaving of fruit to emer- 
gence of moths was 10 days, the average 15.2 days, and the maxi- 
mum 25 days. Therefore, deducting 2 days spent by the larva in 
making the cocoon the minimum pupal period was 8 days, the average 
13.2 days, and the maximum 23 days. 

60141°—Bull. 116, pt 2—12—4 
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TaBLeE V.—Time of cocooning and the length of the pupal stage of the first brood of the 
grape-berry moth at North East Pa., in 1909. 


Days— Days— 
Number of ae Moths Number of ue Moths ——S 
larvee. Scaife, emerged. Tce hues larvee. rit. emerged. Tee. eh 
coon. ‘ coon. 2 
SS career July 29 | Aug. 10 12 SOU Moni eee Aug. 6 | Aug. 24 18 54 
(Us a eer see PRES do....| Aug. 14 16 WDE Wate enyore se Aug. 7] Aug. 20 13 26 
ME Sara aS do....| Aug. 18 15 PAU EI Us sere ee oe so GOs |e ATi 14 14 
eee ee do...-.| Aug. 23 25 PA al aero GO Ne =e) PAU 22 15 105 
1 as aera ae July 30} Aug. 9 10 MOM |W allece ese eee: -2 00: ... =|) Ate) 23 16 16 
PE OEE PR eee do....} Aug. 10 11 DD ARO aye: cters ore ee --d0....| Aug. 24 17 102 
1S See Ie do. Aug. 12 13 ies el eee oe 22QOne == |) Auge 27 20 20 
Alu tes = ot Magee do. Aug. 13 14 DOV || Mises anaes Aug. 8} Aug. 23 15 15 
Qik es do. Aug. 14 15 1a) | eee oe .-do....| Aug. 24 16 96 
Nk Lay Pema eee do. Aug. 15 16 SQ ali Soe ea .-do...-| Aug. 25 a7 289 
Lae ees ee do....| Aug. 16 17 ZA Diao. crete stay oes =-d0,,-- =| Aug. 26 18 36 
Sey rees A July 31] Aug. 14 14 OS al eee eee es EO @aas |) NWS, i 19 19 
AOR cree vic en do....| Aug. 15 15 GOs Meee Sook re Aug. 9} Aug. 22 13 13 
Pee i alles doze =| Atwe. 16 16 Ge i Deeeeeecres ..do....| Aug. 26 16 80 
1 US eee PANT cael Atel 14 196 M25 oe ee a2 CLoz Aug. 26 17 204 
(Oe Ee eee BS do...) Augs 46 15 SY}: |i A See oe S65 45 a|) ANOS 27 18 36 
See sees Aug. 2 | Aug. 15 13 BO) (NR seo Aug. 10 | Aug. 22 12 12 
SE es eae do...-| Aug. 16 14 IUD ee ae eaae .-do....| Aug. 26 16 160 
PAs aL eee a Lee dose. a) Aue iy, 15 SO WON eee. <2 SOO. Aug. 27 17 153 
1 Lak seore ee Aug. 3] Aug. 13 10 LOM See ese E200" Aug. 28 18 144 
Se Psa | aa do....| Aug. 16 13 PAS Y i We eee es Fedoseee|) Aue. 29 19 19 
To reese gh eS (aay do....; Aug. 17 14 ESSA Tcl ios se ae Aug. 11 | Aug. 22 ii il 
ae ees a do....| Aug. 18 15 DG || severe gh 4 2 SAC Op ee i ANI eee 2p 14 14 
Sessa eal Cee do....| Aug. 19 16 A Selle Diets ne ee == doe Aug. 26 15 30 
Die ee nyse bs Aug. 4] Aug. 17 13 265 || 4se. 2-2 eadior Aug. 27 16 64 
Sikes 33 ae ee do....| Aug. 18 14 AO lee aoe =2d oz Aug. 28 17 a; 
Dee Renee lie. do...-.| Aug. 19 15 SO lel Sareea ee ee ..do...-| Aug. 29 18 18 
fe St eh do....| Aug. 20 16 B25 ees Aug. 12 | Aug. 27 15 30 
Arigna Aug. 5| Aug. 19 14 510) een gee eee ..do...-/ Aug. 28 16 48 
ae Rs a eee do....| Aug. 20 15 | Bee Sees .-do. Aug. 29 17 51 
eee EEE do....| Aug. 22 17 illo | ales Seas .-do. Sept. 1 20 20 
1 eee Aug. 6] Aug. 19 13 247 
1K ee erge a5 55 do...-.| Aug. 20 14 266 || 285 4, 334 
2) Fi i ie Be do Aug. 22 16 64 
} 
Days 
O00) ee ee ee eee i A ee ae ere ea ie Wadena ened icacsobsomoor 15.2 
Maxam tm’. oo sche slat whe a ok See ee ae SR oh es ey 25 
MAAN. Foie woe edit aye fnicle de moe 2 HS odie aio aioe ew a eo eee gat eee eee 10 


Time of emergence of first-brood moths —The material for securing 
this emergence record of the first-brood moths was taken in part from 
the large rearing cage in which the eggs had been deposited by earliest 
emerging moths in the spring. Infested grape berries were removed 
from the vine in this cage a short time before the larve had reached 
their full growth. The rest of the material was collected from the 
open vineyard on August 2, 9, and 10. Since larve were found in 
webbed clusters in the open vineyard several days before any larvee 
were found in the rearing cage it is probable that a few of the earliest 
full-grown larve of the first brood had escaped from the fruit before 
it was collected to secure this record, thus making the date of the 
first-emerging moth in this record a few days later than actually 
occurred under field conditions. Since the date of the last moth of 
the spring brood to emerge in our rearing jars was August 4, and the 
date of the first moth to appear from the first-brood rearing material 
was July 31, there is evidently an overlapping in the emergence of 
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moths of the two broods in the field. Table VI contains a record 
of the emergence of 403 moths, and a glance at the table will show that 
the maximum number of these first-brood moths emerged from 
August 14 to August 29. The rate of emergence is graphically 
shown by the curve in figure 11. 


Taste VI.—Time of emergence of moths of the first brood (summer nape of the grape- 
berry moth at North East, Pa., wn 1909. 


¢ | 


Date of | Num- || Date of | Num- || Dateof | Num- |} Date of | Num- 
emer- ber of emer- ber of emer- ber of emer- ber of 
gence. | moths. gence. | moths. gence. | moths. gence. | moths. 

July 31 1 |} Aug. 19 34 || Aug. 30 5 || Sept. 10 1! 

Aug. 9 1 20 32 31 13 11 0 

10 5 21 1 Sept. 1 4 12 i 
11 0 22 17 9 13 4° 
12 9 23 fi 3 7 14 0 
13 7 24 19 4 4 15 0 
14 18 25 23 5 0 ||——_—_—_ 

15 28 26 27 6 4 Totali. - 403 
16 24 20 23 ik 2 

aly 18 28 27 8 1 

18 10 29 18 9 1 


Oviposition of first-brood moths —The oviposition records of only a 
few moths of the first brood were secured and are not numerous 
enough to give an adequate idea of the length of this period. The 
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Fic. 11.—Diagram showing time of emergence of the first-brood moths of the grape-berry moth in 1909, at 
North East, Pa. (Original.) 


same difficulty in getting the moths to oviposit freely in confinement 
was encountered as with the spring-emerging moths. Table VII 
gives the oviposition of a few individuals of the first brood. 


a" 
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Taste VII.—Ovposition of first-brood moths of the grape-berry moth in stock jars at 
North East, Pa., in 1909. 


Date of— Days— 

No. of | Number From 
stock jar.| of moths.| Emer- First Last Before | of ovipo-| _°™e!- 
gence of | ovipo- Ovipo- ovipo- ees gence to 

moths. sition. sition. sition. * | last ovi- 

position. 

Mee See 10} Aug. 18 | Aug. 27 | Aug. 27 9 1 9 
Fe a ed) 21 | Aug. 19 |...do....| Sept. 8 8 13 20 
Shree 21) Avie. <20 |-.2d0- 2.4 Aue. 27 7 1 i 
Al pecans 4! Aug. 27} Sept. 5| Sept. 5 9 1 1 
AVCTASC: 2 oases Sch aseee eee Eee 8.2 4 9.2 
Mieasxalrnn tyra 23 SaaS ee 9 13: 20 
Mian UE 2 = oe = i me eens Sere ae a 1 1 


Hibernation of first-brood pupx.—Toward the end of July before 
the eggs of the second brood had been deposited a large number of 
infested grape berries were collected in order to determine if all of the 
first brood completed the cycle and emerged as adults, or if some of 
them passed the winter as pupe. 

Tables VIII and LX give the record for 374 larve. Deducting the 
dead and parasitized individuals from this number, a complete record 
of 321 specimens was secured. Two hundred and ninety-two adults 
emerged from July 29 to August 15. After the latter date no adults 


emerged. Twenty-nine live pupe failed to transform and hibernated. 


TasLeE VIII.—The relative number of transforming and wintering individuals of the first 
brood of the grape-berry moth, North East, Pa., 1909. 


| Number of— 


Date 
eae larvee 
ae tee Moths | hiner. ane, Dead 
emerged. nating. | sitized. 
19 | July 29 13 0 0 6 
20 | July 30 20 0 0 0 
13 | July 31 12 0 0 1 
a i Nag A 21 0 0 0 
16 | Aug. 2 14 0 0 2 
SFO UN at 30 0 il 1 
13 Aug. 4 10 0 2 1 
18 | Aug. 5 12 0 2 4 
50 | Aug. 6 45 0 1 4 
Dan PATER 19 0 1 3. 
36 | Aug. 8 30 2 0 4 
25 | Aug. 9 20 0 1 4 
32 , Aug. 10 24 1 1 6 
15), Aue. Ut 10 3 1 1 
13 | Aug. 12 11 1 1 0 
1 | Aug. 15 | 1 0 0 0 
10 | Aug. 26 | 0 9 0 1 
7 sept. lan 0 7 0 0 
5 | Sept. 13 0 4 0 1 
3 | Sept. 12 0 1 0 2 
2 | Sept.18 | 0 1 0 1 


we 
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Taste I1X.—Summary of Table VIII showing number and percentage of Jirst-brood 
larve of the grape-berry moth that transform. 


Observations on— Number. | Per cent. 
RITE PIOIETI PEN PO a hoe ea. Sse eee eee ween ee Ps Maha a “ae. SESE Oe ee 374 100. 0 
Pn TIPIOMEIRPFINIRUINOIMELPOC 9. 2. 22. << - oe eee sep ee meen ne tebe ee ces eklneey- 292 78.1 
RURIIEMIIMEMITIMISUPIUIIES «2 2 ee ee eben te newer teens 29 re 28 
aC IOn Aras ZEO IAT VSS <2. oe cine ea ee tla e cle ee bee dew sess nce Yee EO ae eee 11 2.9 
PP EIEMMIEMONITIOVICUAIS 2. . 2. 2255 tee see os nel nc bcc cee cecenet aedde sce deans cus 42 152 


Length of life cycle of first generation.—The results of the pre- 
ceding observations on the separate stages of the grape-berry moth 
have been summarized in Table X, which shows an average period 
of 44.2 days for the life cycle of the first generation. 


TasLe X.—Life cycle of the first generation of the grape-berry moth as determined from 
observations on the separate stages; summaries from the previous tables. 


Stages of development. Average. | Maximum.} Minimum. 


Days. Days. Days. 
6.0 8 


Me ot oh ome bee die anode anita dacden 4 
IIE BT en ia oe ee in oie ine nn ee gees 23.0 33 19 
IIe ee oo be eee el Ye dee \ 15.2 95 10 
SSE GA ee : 

meraracion Of lifecycle. ......----).--- eee ee ke 44.2 | 66 | 33 


TaBLtE XI.—Life cycle of the first generation of the grape-berry moth, as observed by 
rearing in 1909 at North East, Pa. 


Dates of— Days duration— 
Feed | 
No. = | | erves se 
Egg Mathie) heavi Emerg- | Incu- ing Life | 
-_ i - eaving | Pupa- : : mak- | Pupal 
2 Sg ing. fruit. tion. nee et Cpe pera ing stage cycle. : 
| Iarvee, | cocoon. 
\ fet Li ee ol 
iwi duly JOi) Aug. 5 | Aug. 9 |..-......- 8 26 a Ne ace rrsee ge | 
Pye on) ouly 11) July 31 ).......... Aug. 14 8 OM Wki.coh cbr ak meee | 42 
3 | July 5 (OX Se eee GOs pers ea Les Aug. 18 6 20) Eo 8 Ves a ee 44 | 
mee? | July 12 |...do..-.|_........- ug. 16 5 LIK og Pease ft a | et ae 40 
a eee Mee eRe Agger Pyle Be 5 25 A eee es ee 
Peaeiiye & | oily 13 | Aug. 4) Aug. 6.]....-.5... 5 22 ag ae a ae ae 
Pelee G0... -|...00.. ATES 5 Ht Opa xe | ATIC. 5 23 bos 13 42 
8 SRM TOS fo etic clo eiacaccanulens do LS (A a) Rae 26 Je 42 | 
S| duly 9 |...do.. G0 A al) hl em 4 23 1 al ee tte | Merc et 
10 ea OO. AU OMAP Of (oP op) an «os 4 24 Rs West sal eae cee 
ur Ieee. 5. do... Aug. 15 ; Aug. 17 | Aug. 31 4 33. Bal 14 13 
12 | July 10) July 16) Aug. 5] Aug. | Os ied haber 6 20 DAEs oe ae ee 
J ee PE AA Glos thn wake. «i Ohnetel sty 2 5.4 | 2321 1.9 | 135 | 43.8 | 
ER Re ae Eee 8 33 3 14 53 | 
ot oo Ny whan ukipe e<odavewhihs «20 4 40 | 


The average figures in Table X agree closely with the results 
obtained from the rearings of life-cycle series (Table XI). It will 
be noted under the life-cycle column that six individuals completed 
their life cycle the same season, while six pupx wintered. The shortest 
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life-cycle period was 40 days, the average length 43.8 days and the 
longest 53 days. There is a difference of less than half a day in the 
averages for the two separate rearings. 


SECOND GENERATION. 


Incubation period of second-brood eggs.—¥or reasons previously 


assigned the record of egg laying by the moths in confinement is 
very scanty. Table XII gives the length of this stage for nine eggs 
of known origin. The incubation period of these eggs is longer than 
in the record secured for eggs deposited by the spring-emerging 
moths. The number of eggs recorded, however, is far too small to 
admit of generalization on this topic. 


TaBLE XII.—Length of incubation of second-brood eggs of the grape-berry moth, North 
East, Pa., 1909. 


Date— Date— 
No. of ay Days of No. of Days of 
observa- incuba-: || observa- |=—._, aussi eeu Bae 
tion. Laid. | Hatched. tion. tion. Laid. | Hatched. tion. 
Ate 27." Sepin 7 11 6 | Sept. 2] Sept. 12 10 
2 | Aug. 30] Sept. 9 10 7 | Sept. 4 | Sept. 13 9 
By Woe Oko 524i Sens Wo) 11 33 MessOOsooca) eyo LZ! 10 
4 | Aug. 31 | Sept. 11 11 OW Sos & |o--ClO-ca2- 9 
How See. Wels solos. S- 10 
Days of incubation: 
SAVOTAPC oui apjc See 2 Sas Lt ciaie ce ee eo ape lela aee cine eta ere ee ale Si teceye Se eer ro aay ae 10.1 
Mapai mitiny.. J 255 out oR be tes Pe inas Sac cle eo oes ee ce Oe eee Ele 1l 
MAniIMUM. sss deri Shee eee ee hE eee ee eee La han SS oo ee ee 9 


Length of feeding period of second-brood larve.—Tables XIII-XIV 
give the feeding period of second-brood larve under two entirely 
different conditions, namely, larve reared on green fruit in stock 
jars under a rearing shelter (Table XIII) and larve feeding on 


fruit growing on a vine (Table XIV) in a large outdoor rearing cage 
(see Pl. VII, fig. 2). 


Taste XIII.—Length of the feeding period of the second-brood larvex of the grape-berry 
moth under confinement in jars, North East, Pa., 1909. 


eee, Larve | Larve | Number pelea Larve | Larve | Number 
hatched. | left fruit.| of days. oul hatched. | left fruit.| of days. 


tion. 
1 | Aug. 27}. Oct. 6 40 12, | Aug. 30 |) Oct. 26 57 
2 0. Oct. 9 43 He NS SACK). Nov 63 
3 | Aug. 29 | Oct. 17 49 1A eed Ose do 63 
4 re) SdOssse 49 15 || Sept. 11 | "Nov. 3 53 
5 do Oct. 20 52 16 .do.. Oct: 25 44 
6 do Oct. 21 53 17 do Nov. 3 53 
fe Vas eO sexe SaeOseee = 53 18 Resdor esale -7doee-ee 53 
8 | Aug. 30 | Oct. 22 53 19) =22d 0 Bee sib -dozs-. - 53 
9 |-2-00...--| Oct. 25 56 IA VOTAGCLs 5 ase ecm = c.c: 52.6 
10 do -ao2: 56 Maximuin ss 45e25ee oe. 63 
11 do -do.. 56 Minimum: 23 ee 40 
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Taste XIV.—Length of the feeding period of second-brood larvx of the grape-berry moth 
in fruit on the vines under large outdoor rearing cages, North East, Pa., 1909. 


Number | Larvee Larve | Number || Number| Larve Larve | Number 


of larvee. | hatched. | left fruit.| of days. || of larvee. | hatched. | left fruit.| of days. 
6 ee 25 | Sept. 25 31 9 | Aug. 25] Oct. 7 43 
il Obee ts Sept. 26 32 ee aie ct. 8 44 
3 do:... - Sept. 27 33 6 -|-..do Oct. 9 45 
9 Woes 5oe Sept. 28 34 i Neescios Oct. 10 46 
1 (0) Sept. 29 35 fet 2200) Oct. 11 47 
8 olrsaeee Oct., 2 38 Ue eles Gores 2 Oct. 17 53 
iL Gorse: Octs. 3 39 ACV CY AOD Eee eis = sess 40.3 
7 GQOeca." Oct. 4 40 Masaimitum 2. soe | 22 ee 53 
10 do BP Oct. oo 41 Minimise ya: 23S e 5 ee 31 
8 do Oct. 6 42 


The infested grape clusters were removed from the cage just 
before the larve were ready to leave the berries. These larve 
hatched from eggs deposited between August 20 and 25. It was 
impossible to determine the exact date of hatching of all of the eggs, 
but only a very small number hatched previous to August 25 and 
this may account in a measure for the shorter average period of 
feeding than is recorded for the larve from the stock jars. In addi- 
tion to this all but one of these larve had left the fruit previous to 
the occurrence of a decided drop in temperature between October 
12 and 20, whereas only two of the larve had emerged from the 
fruit in the stock jars. Hence, since insect activities were slight 
during this cold wave the period spent in the fruit by those larve 
which had not escaped previous to its occurrence was dscns 
prolonged. 

The minimum period spent in fruit by larvee in the rearing cage 
was 31 days as against 40 days by those in stock jars; the average 
40.3 days as against 52.6 days, and the maximum 53 days as against 
63 days. 

Date second-brood larve leave fruit.—A record was made of the period 
during which the larve leave the berries, with a view to ascertaining 
whether many of them are likely to be removed from the vineyard 
when the ripe grapes are being marketed. A large number of larve 
which infested grape clusters were collected from vineyards August 
20-24. At this date few if any of the larve of the second brood 
had fully matured. Since the emergence of the two broods of moths 
overlap it is quite likely that some of the larve in this record belong 
to the first brood. Daily examinations of the collected material 
were made and the record of the larve leaving the fruit is given in 


Table XV. 
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TaBLE XV.—Time of second-brood larve of the grape-berry aio leaving berries in 1909; 
from fruit collected in the field, North East, Pa. 


Date of | Num- || Date of | Num- || Date of | Num- || Date of | Num- 
leaving | ber of || leaving | ber of || leaving | ber of || leaving | ber of 
the fruit. | larvee. || the fruit. | larve. || the fruit. | larvee. || the fruit. | larve. 
Sept.22 Ly Oct.) 16 53 || Oct. 20 2 || Nov. 3 6 
23 21 7 50 21 9 4 0 
24 15 8 40 22 5 5 il 
25 19 9 38 23 ats) 6 0 
26 8 10 50 24 0 7 il 
27 11 11 24 Da 7 8 7 
28 16 12 14 26 13 9 3 
29 21 13 5 i 1 10 0 
30 12 14 0 28 0 tet 2 

Oct. 1 7 15 2 29 4 12 4 
2 73 16 1 30 ab 13 il 
3 39 17 2 31 4 14 |: Dy 
4 38 18 4/1 Nov. 1 24 
5 45 19 0 2 19 Total .| 745 
) 


In all, 745 larvee emerged. The table shows that 569, or four- 
fifths of the larvee, left the fruit in 20 days, from September 22 to 
October 11, and that the remaining 149, or one-fifth, left the fruit 
between Cale 12 and November 14, a aaa of 34 dhe making a 
total period of 45 days during which sano brood larvee were leaving 
the fruit. Simce the heavy shipment of Concord grapes does not 
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Fig. 12.—Diagram showing iime of leaving the grape berries by second-brood larvee of the ahetee 
moth, from fruit collected in the field, North East, Pa., 1909. Daily mean temperature Fahrenheit. 
(Original.) 


occur until October 1, fruit in infested vineyard areas would have to 
be removed during the first week of the picking season in order to 
remove many of the larve from the vineyard with the crop. 

Figure 12 shows the correlation between the fluctuations of tem- 
perature and the activity of the mature larve of the second brood 
in leaving the grape berries in the fall of 1909. The dotted line 
represents the daily mean temperature, and the solid line the rate 
of emergence of the larve from the berries. It will be observed that 
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there was a period of very low temperature from October 14 to 18, and 
that this is correlated with an almost complete cessation of emergence 
of the larve. There is no doubt that the abnormally low tempera- 
ture for this date prolonged the emergence period of the larve for 
the season of 1909. 


MISCELLANEOUS REARING RECORDS FOR THE SEASONS OF 1907 AND 
1908. 


The rearing records for the seasons of 1907 and 1908 are less exten- 
‘sive and not so complete as those made a year later, but they agree in 
general with the more complete records of 1909. Table XVI gives 
the emergence record of 24 moths of the spring brood for the season 
of 1907. 


TABLE XVI.—Time of emergence of moths of the grape-berry thoth in the spring of 1907. 


Date of | Num- || Date of | Num- || Dateof | Num- || Date of | Num- 
emer- ber of emer- ber of emer- ber of emer- ber of 
gence. |moths. || gence. |moths.|| gence. |moths.|| gence. | moths. 


June 21 1 || June 25 4 || June 30 1 || July 6 1 
22 1 26 3 || July 2 1 7 1 
23 1 28 3 3 i 10 1 
24 3 29 1 4 1 


| 


No record of egg deposition by the spring brood of moths was 
secured for the season of 1907, nor was a record made of the length 
of the larval stage for the first brood. 

The complete record of two pupe of the first brood was secured dur- 
ing 1907 which covered a period of 13 days for this stage, and a record 
of one pupa in 1908 which covered a period of 12 days. These records 
are shorter than the average length of this stage for a large number 
of specimens observed in 1909 (see Table V, which shows a period of 
15.2 days). 

An emergence record of 695 moths of the first brood was secured 
during the season of 1907. (See Table XVII.) Unfortunately some 
of the earliest maturing larve had escaped from the infested fruit 
before it was collected. Hence some of the earliest emerging moths 
are not shown, since the first emergence in this record is dated 
August 17. 


Taste XVII.—Time of emergence of first-brood moths of the grape-berry moth, North Last, 
Pa., 1907. 


Date of | Num- || Date of | Num- |} Date of | Num- || Date of | Num- 
emer- ber of emer- ber of emer- ber of emer- ber of 
gence. |moths.|| gence. | moths. | gence. |moths. || gence. | moths. 


—-—- _ | - — 


Aug. 17 56 || Aug. 26 105 || Sept. 1 22 || Sept. 9 39 
19 5 27 33 2 13 11 19 
20 29 28 36 3 7 14 3 
21 70 29 60 4 11 - 5 
5 22 Total . 695 
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Figure 13 gives a graphic representation of the rate of emergence 
of the moths of the first brood for the season of 1907. 

The most extensive record of the egg stage of the second brood 
was secured in the season of 1907. Table XVIII gives the length 
of this stage for 35 eggs, which shows an average of 6.5 days, the 
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Fig. 13.—Diagram showing the time of emergence of the first-brood moths of the grape-berry moth in 1907, 
at North East, Pa. (Original.) 


minimum being 5 days and the maximum 9 days. This record 
shows a shorter period than that secured for a smaller number of 
eggs in 1909 (see Table XII, which shows an average of 10.1 days, 
a minimum of 9 days, and a maximum of 11 days). 


TapLeE XVIII.—Length of incubation of second-brood eggs of the grape-berry moth, North 
East, Pa., 1907. 


No. Date— Days | No. Date— Days|| No. Date— Days 
of ob- of in- | of ob- of in- || of ob- ined of in- 
serva- cuba- |serva- cuba-||serva- cuba- 


tion.| Laid. |Hatched.| tion. || tion.| Laid. |Hatched.| tion. || tion.| Laid. Hatched.} tion: 


—— | ————— | — |__| 


1| Aug. 31 | Sept. 6 6 14 | Sept. 1) Sept. 9 8 27 | Sept. 10 | Sept. 16 6 
Pree AO creas Co) 6 TORIES dor ee shee Goes s. 8 28*|_ 2 dos. sl Sepus 17 il 
Sneed On ae | 27 do Gi| 64 sesdosers less do. 8 29 | Sept. 11 | Sept. 16 5 
Anse GOe 25 =|i5. 2 do 6 1 sAG Oe alas = doe. ee 8 30 do....| Sept. 17 6 
5 eee Gor. Sept. 7 7 \| 181] Sept. 10 | Sept. 16 6 Si 2donseeles = do. 6 
EY [ore OC [ee do. ik 19) | 20 O25 |P a= dose. 6 32 | Sept. 12 Goss: 5 
WAS AO aoe 2 |. 2 do if OLN eeOlOE eel se, 2 do 6 38) leans -erlse/- adores 5 
Sal Oss nels ac do id 21 Ee -dosec see do 6 Sea Oe te cles do.-.- 5 
Oise dose S|... do ri 22 Nee 3d On sale ere do 6 35 do.. Sept. 18 6 
Ons. a0. - Sept. 8 8 Pe Sere Ol Used er do.. 6 —— 
i ee Oe. fo) 8 | DH WAG Oe ol do 6 Average ...--- 6.5 
12 re eee Gee do 8 || 25 das ue do 6 Maximum ...| 8 
13 | Sept. 1 | Sept. 9 8 26 dos==s\s-2 do 6 Minimum ...-; 5 
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Table XIX gives the emergence record of 279 moths of the spring 
brood for the season of 1908. ‘There is a variation of several days 
in the dates of the maximum emergence of the moths for the three 
seasons, the maximum emergence being nearly a week earlier in 
1908 than in 1907 and 1909. In each instance, however, the period 
of maximum emergence of the moths coincided quite closely with 
the period of full bloom of the grape. 


Taste XIX.—Time of emergence of moths of the grape-berry moth in the spring of 1908, 
Jorth East, Pa. 


Date of | Num- || Date of | Num- |} Dateof | Num- |} Dateof | Num- 
emer- ber of emer- ber of emer- ber of emer- ber of 
gence. |moths.|| gence. |moths.|} gence. |moths. |} gence. | moths. 


June 1 6 || June 19 15 || July 3 3) |} duly 15 1 
June 7 5 || June 20 15 || July 5 1 || July 16 1 
June 8 17 || June 21 1 || July 6 2 || July 17 1 
June 9 7 || June 22 7 || July 8 1 |} July 19 1 
June 10 12 || June 23 8 || July 9 1 || July 20 2; 
June 12 16 |} June 24 9 || July 10 1 || July 22 1 
June 13 30 |} June 25 4 || July 11 1 || July 23 2 
June 15 14 || June 26 3 || July 12 1 || July 25 1 
June 16 22 || June 29 11 || July 13 1 

June 17 LA authy; UL 1 || July 14 4 Total . 279 
June 18 33 


Figure 14 gives a graphic description of the rate of emergence of 
the spring brood of moths for 1908, showing that the maximum 
number of moths emerged after June 13—about the date that grapes 
normally commence to blossom. 
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Fic. 14.—Diagram showing the time of emergence of the spring-brood moths of the grape-berry moth in 
1908, at North East, Pa. (Original.) 


The first record of oviposition in 1908 was made of eggs found 
in very small berries in rearing cages June 17. No record of the 
ege stage of the first brood was secured, on account of great diffi- 
culty in getting moths to oviposit in confinement. The larval period 
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of one specimen of the first brood in 1908 was secured. This larva. 
hatched June 20. It emerged from fruit and started to make its 
pupal case July 10, and had transformed to pupa by July 12,making 
the larval stage 22 days in length. This period coincides quite 
closely with the average larval period secured for several larve of 
the first brood during the season of 1909, which was 21.25 days. 

The earliest record of emergence of first-brood moths was made 
on July 13 from a pupa found July 1 on a leaf in the rearing cage 
in 1908. This is 10 days earlier than the record for other moths 
from the same source (see Table XX). The emergence record in 
this table is doubtless somewhat abnormally early, owing to the fact 
that the temperature in the rearing cage was several degrees higher 
than outside. 


TaBLE XX.—Time of emergence of first-brood moths of the grape-berry moth, North East, 
a., 1908. 


Date of | Num- |} Date of | Num- || Date of | Num- {| Date of | Num- 
emer- ber of || © emer- ber of emer- ber of emer- ber of 
gence. | moths.|| gence. |moths.|| gence. |moths.|| gence. | moths. 


July 23 3 || July 26 26 || July 29 4 || Aug. 1 i 
July 24 4 || July 27 31 || July 30 2 a 
July 25 8 || July 28 9 || July 31 3 Total . 91 


SUMMARY OF LIFE-HISTORY STUDIES OF THE GRAPE-BERRY MOTH. 


Life-history studies of this pest at North East, Pa., during the 
seasons of 1907, 1908, and 1909 indicate that there is only one full brood 
of larve and a partial second brood each year in the vineyards of the 
Lake Erie Valley. The partial second brood of larve, however, is 
larger in numbers than the full first brood, probably on account of 
the large number of fatalities that occur among the pupe during 
the winter season which tends materially to lessen the number of 
moths that emerge in the spring. The moths from overwintermg 
pupz commence to emerge about June 1. (See fig. 15, with curve 
showing length of the various stages of the grape-berry moth for the 
season of 1909.) Less than 25 per cent of these spring-emerging 
moths appear before the grape is in full bloom. The total emergence 
period of the sprmg moths is about 60 days. As the period of maxi- 
mum emergence is from June 10 to July 10, it overlaps into the emer- 
gence period of the first brood. About 4 to 6 days elapse between the 
emergence of the moths and the deposition of eggs. The egg stage of 
the first brood covers about 6 days. The larval period covers about 
23 days and the pupal stage about 13 days. A small percentage of 
the pupz of this first brood pass the winter. The moths of the first 
brood commence to emerge during the latter part of July, the maxi- 
mum number emerging from about August 10 to September 1. The 
period of incubation of the second-brood eggs is a little longer than 
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that of the first brood. (See Tables IV and XII.) The larval stage 
of this brood is also longer than that of the first brood, the average 
being 22 days for the first brood of larve as against 40 days for the 
larvee of the second brood. The larve of the second brood com- 
mence to leave the fruit about the middle of September. The 
maximum number of larve leave the fruit during the last week in 
- September and the first 10 days in October. By October 15 the 
number of larvez found in the fruit upon the vines is very small. By 
this date practically all of them have dropped to the ground and 
formed pupal cases on the small percentage of grape leaves that 
have fallen prematurely from the vines. Rarely is a pupal case 
of this second brood found on the leaves attached to the vines. On 
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Fic. 15.,—Seasonal history of the grape-berry moth as observed in 1909, at North East, Pa. (Original.) 


the moist leaves on the ground beneath the vines the second-brood 
arve and also a small percentage of the first brood make their 
cocoons and pass the winter as pupe. 


PARASITIC ENEMIES. 


Detailed studies of the habits and life history of the grape-berry 
moth during the past few years have shown that this insect is beset 
with a large number of hymenopterous parasites. Previous to the 
study of the habits of this pest made by Prof. M. V. Slingerland in 
the vineyards of Chautauqua County, N. Y., the only record of 
attack by parasites found in the literature on this subject is made by 
Dr. C. V. Riley in 1869. Two maggots were found by him destroying 
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the larve of the grape-berry moth, but be failed to rear the adult 
parasites from them. 

During his studies of this insect covering the seasons of 1903 and 
1904, Prof. Slmgerland reared six different kinds of parasites of the 
erape-berry moth, which he considered an unusually large number. 
Four of these were ichneumonids and two were braconids. These 
rearings by Prof. Slingerland are quoted as follows:! 

Bracon scrutator Say. (Boston Journ. Nat. Hist., I, 254). The egaibe of this little 
Braconid parasite seems to feed externally on the nearly full-grown caterpillars of the 
second brood at work in the green fruit in August. Their little, white cocoons are 
spun in the infested berries. The adults emerged in about two weeks on the following 
dates: Aug. 28, Sept. 1, 4, and 10. 


Bathymetis sp. near terminalis Ashm. We reared two females of ne compat 
large parasite from hibernated pupee on May 31. The grape-berry moth caterpillar 


Fie. 16.— Thymaris slingerlandana, a common parasite of the grape-berry moth. Enlarged. (After Sling- 
erland.) 


had pupated and the parasite’s cocoon filled that of its host. Dr. Ashmead reports our 
specimens as probably undescribed, but possibly terminalis, which was described 
from a male only. 

Glypta animosa Cress. (Trans. Am. Ent. Soc., III, 154). One specimen of this 
Ichneumon emerged from an over-wintered cocoon on June 4. It spun a very thin 
cocoon and had evidently killed the caterpillar, as no trace of a pupa wasfound. The 
recorded hosts of this parasite are Pexdisca scudderiana, two other Tortricids and a 
Pyralid. 

Glypta vulgaris Cress. (Trans. Am. Ent. Soc., III, 157). Two specimens of this 
common parasite emerged on August 25 and 27 from thin, white cocoons nearly filling 
their host’s cocoon in a wild grape. Like Glypta animosa, this species evidently kills 
the caterpillar, but it works on the summer brood. It is also parasitic on a species of 
Gelechia and on a Pyralid ( Margaronia quadristigmalis). 


1 Bul. 223, Cornell Univ. Agr. Exp. Sta., pp. 52-53, 1904. 
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Urogaster [=Apanteles] canarsix Ashm. (Ent. Soc. Wash., IV, 127, with figure). 
Found the cocoons of this probable parasite in the webbed blossoms where grape-berry 
moth caterpillars had worked. Two specimens emerged on July 3 and 7. Its other 
known host is the Pyralid (Canarsia hammond?). 

Thymaris slingerlandana Ashm. [fig. 16] (Can. Ent., XXXVI, Nov., p. 333). From 
August 15 to 27, we reared 17 specimens of this little black Ichneumon with orange- 
colored, light yellow-banded legs from the cocoons of the grape-berry moths working 
in both wild and cultivated grapes. Its cacoon occupies about half the space inside 
the host’s cocoon, and evidently the caterpillar was its victim. 

In the miscellaneous rearings of the different stages of the grape- 
berry moth made at the field laboratory of the Bureau of Entomology 
at North Kast, Pa., from 1906 to 1911, in connection with life-history 
studies, together with parasitized specimens observed and collected 
in the vineyards, 12 additional hymenopterous parasites of different 
species have been recorded as preying upon this insect. This makes 
a total list of 17 different parasites known to prey upon this vineyard 
pest in the Lake Erie Valley at some stage or other of its life cycle. 
This is a long list of natural enemies for an insect. These parasites 
are doubtless an important factor in reducing the numbers of the 
grape-berry moth and their occurrence may explain to some extent 
the fluctuations in its numbers which occur from year to year. 

In the rearing work conducted at North East, Pa., all of the adult 
parasites emerged from jars containing either larve or pupe of the 
grape-berry moth during the period between July 12 and September 
14. No parasites were collected in the early spring from overwinter- 
ing cocoons, although a large amount of this material was carried over 
the winter of 1908 for the purpose of making life-history studies dur- 
ing the season of 1909. This would indicate that parasitism is most 
active upon the developing first brood of larvee and pup about the 
period at which this brood exists in the greatest numbers. It would 
seem, therefore, that the great activity of these parasites during this 
period must be an important factor in curtailing the second brood 
of grape-berry moth larve that is so destructive to the grape berries 
at the approach of the ripening season. 

Five of the parasites reared were braconids, seven were ichneu- 
monids, all reared from larve and pups, and one, a chalcidid, 
reared from the eggs of the grape-berry moth. All of the parasites 
with the exception of the egg parasites were determined by Mr. H. L. 
Viereck, of the Bureau of Entomology. Their names are given in 
Table XXI, which also gives the date of their emergence, the stage 
of the host, the number reared, and the other host insects from 
which they have been previously recorded. 
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TaBLe XXI.—Parasites reared from the grape-berry moth (Polycrosis viteana) feeding 
upon the fruit of wild and cultivated grapes at North East, Pa., 1906-1911. 


Number 
Family. Date of emergence. nite of ol spect Previously recorded hosts. 
' reared. 
BRACONIDZ. 
Microbracon mellitor Say......-- Aug. 6-19, 1909...-| Larva... 15 | Many species of Coleoptera 
; and Lepidoptera. 
Microbracon dorsator Say-....----- Aug.3-Sept.1,191], |...do..... 9 Do. 
ENDAMECIES SDS ce eine cee selected Aug 2 Ole ee =p eG Oeeeee 1 | Norecord. 
Ascogaster carpocapsee Vier. ....-. Aug. 14, 1911....-: Pupa...- 4 | Carpocapsa pomonella. 
MIC TEOHUSISPS* 2 Saale ns cece esau Aug. 9, 1909.2... Larva or 1 { Norecord. ~ 
pupa 
ICHNEUMONIDZ. 
Phy tOGIebUS/SDsese soe 2 ee eee July 13, 1906.---...| Larva: -- il Do. 
Epiurus indagator var. nigrifrons | Aug. 5, 1911....... fee AOU ooeme 2 Do. 
Vier. 

Orthizemia Spee 7.2.9.8. Be ees July 13, 1908s 23, seedo.32 1 Do. 

Sept. 13, 1907... .--. Seed Oneenie 2 
Omorgus nole Ashm. race. .....- Aug. 16-22, 1909...|...do-...-. 2 | Nola sp., a pyralid 
Dioctes obliteratus Cress. ......-. July 13, 1906.......| Pupa.--- 1 | Gelechia rubidella. 
Dioctes obliteratus Cress. ...-....- alive2il GOT =222 2 sla4<0Oneeee 2 Do. 
Dioctes obliteratus Cress. ...-.... July 22, 1908.....-.- SRG Oe ia: il 
Dioctes obliteratus Cress. ...-....- Aug. 2-27, 1909. ...|.-.do..--. 27 Do. 
Dioctes obliteratus Cress......... INES =O NOME S MBS Ole sc86 21 Do. 
Ameloctonus sp--.-..--.---.------- Aug, 24, 1909.....- BEKO (SS Bee 3 | No record. 
Itoplectis conquisitor Say. ...-.-.- INGE, Bh, WOH Ce ao sGOLne 2 | Many species of tortricids 

er a bombycids, and 
tineids. 


In glancing over this table it will be observed that the parasite 
reared in greatest numbers from the grape-berry moth was Dioctes 
obliteratus Cress. Mr. Viereck states that the supposedly new species 
reared by Prof. Slingerland in 1904 and named by Dr. William H. 
Ashmead! as Thymaris slingerlandana Ashm. (see fig. 16) is the 
same as Dioctes obliteratus Cress. The largest number of parasite 
specimens reared by Prof. Slingerland belonged to this species; hence 
it is very probable that it is quite widely disseminated throughout the 
vineyards of the Chautauqua County grape belt wherever the grape- 
berry moth abounds, and is perhaps the most effective enemy of the 
grape-berry moth of all of the parasites mentioned in this list. 

In addition to the parasites previously mentioned as attacking the 
larvee and pup, on September 7, 1906, a large number of parasitized 
eggs of the grape-berry moth were found in a badly infested portion 
of the vineyard of Mr. W. S. Wheeler at North East, Pa. A num- 
ber of adults were reared from these parasitized eggs and later 
identified by Dr. Howard as Trichogramma pretiosa Riley. This is 
the first record of parasitized eggs of this insect that has come to our 
notice, and it is the only instance in which this condition has been 
observed during this investigation. 


1 Can. Ent., vol. 36, pp. 333-334, November, 1904. 
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The infestation of vineyards by this pest is by no means general. 
It frequently happens that serious infestation will be confined to one 
or two rows along the edge of a vineyard or running in for a few 
vines at the end of a number of rows, or again, in an irregular patch 
at the corner of a vineyard. Usually such areas of very serious 
infestation are adjoining hedgerows, fences, or bordering rough 
lands which admit of the accumulation of leaves and trash. On 
the other hand, the worst infestation over a large area coming under 
our observation was in a vineyard which was surrounded by neither 
hedges nor ditches, was a considerable distance from woodlots or 
rough land, and was subject to clean culture and excellent care. 
Again, it is not unusual to find a vineyard portions of which have 
been badly infested for a number of seasons but adjacent vineyards. 
comparatively free from infestation. Because of this seemingly 
erratic infestation it is exceedingly difficult either to estimate the 
actual damage wrought by the pest or to secure reliable results for 
comparison as to the amount of benefit from remedial treatment. 
Another result of this erratic mfestation is that the vineyardist. 
will minimize the extent of the injury or even entirely overlook it: 
until picking time, when he is astonished to discover the large amount 
of damage that has been done. When this abundant evidence of 
injury is brought so clearly to his attention at picking time he is 
likely to make a vow to take some steps toward the eradication of 
the pest next season, but only too often, unless the first brood is 
extremely abundant, the period for effective treatment is again per- 
mitted to slip past and the extent of injury at picking time is likely 
to be the same as in previous years. An additional result of this 
somewhat restricted and local infestation is that methods of control 
of the pest are not so freely discussed among the vineyardists and 
there is not the impetus of a general effort to effect its control that 
there is in the endeavor to combat an insect whose injury is more 
apparent and widespread, as in the case of the grape rootworm and 
the grape leafhopper. | 

The statements dealing with the destructiveness of this insect in 
the preceding paragraphs apply to the depredations of the pest in 
the vineyards of the Lake Erie grape belt, where local conditions 
have been studied closely for several seasons. In the township of 
North East, Pa., there is an area stretching east of the town to the 
New York State line and lying south of the Lake Shore Railroad in 
which are located the vineyards most heavily infested by the grape- 
berry moth in this region. In the summer of 1906 one large vine- 
yard was visited in this area in which the infestation was quite gen- 
eral and on limited portions of it the fruit was almost unmarketable. 
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The infested clusters shown in Plate VI, figures 1-2, were taken from 
this vmeyard. In not all of the vineyards in this area is serious infes- 
tation so general. In some of them serious infestation is quite local 
and in others the injury is almost negligible. Outside of this area 
infestation In vineyards in Erie County, Pa., is more or less local. 
Yet the insect is always present in sufficient numbers to become a 
menace at any time that natural conditions favor its rapid increase, 
and at the present time the insect is responsible for a greater shrink- 
age in crop yield than most vineyardists are aware. 


REMEDIAL MEASURES. 


Several methods for the control of the larve of the grape-berry 
moth have been recommended, namely, the destruction of fallen 
leaves, plowing the vineyard late in the fall or very early in the 
spring, bagging the clusters, picking the infested berries, removal of 
infested berries from the vineyard during the harvesting season, and 
the use of poison sprays. 


THE DESTRUCTION OF FALLEN LEAVES. 


Since the larve of the second brood on leaving the ripening fruit 
make their cocoons upon the leaves of the grapevine, the destruction 
of the fallen leaves has been frequently recommended as a means of 
control. Until within recent years, however, it was not known that 
practically all of the overwintering larve, on leaving the fruit, instead 
of forming their cocoons upon the grape leaves attached to the vines, 
drop to the ground and form their hibernating cocoons on the small 
percentage of prematurely fallen leaves. Observations on the hiber- 
nation habits of this insect in infested vineyards at North Hast, Pa., 
in the fall of 1906, showed that practically all of the larveehad emerged 
from the fruit by the end of the first week in October and that all of 
the larve and pupe found at that date were in the cocoons made on 
leaves upon the ground directly beneath the trellis. In practically 
all cases the leaves upon which these cocoons were made were in 
close contact with the soul and in a more or less sodden condition, 
either from moisture absorbed from the soil or as a result of the fal] 
rains. Many leaves bearing cocoons were plastered to the ground as 
a result of beating rains and even at this early date were in such a 
state of semidecay that in attempting to gather the leaves they some- 
times fell to pieces in much the same manner that a rainsoaked sheet 
of newspaper will do under the same conditions. 

Although hundreds of cocoons were found on these moist leaves 
upon the ground only one cocoon was found upon the leaves still 
attached to the vines, and this was imperfectly formed. Practically 
all of the fruit on the vines examined during the first week in October 
had been recently infested and was still hanging upon the vines in 
close contact with the foliage. These observations confirm those 
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-made by Prof. H. A. Gossard in Ohio during the same season. 
_ Searches in badly infested vineyards every season since 1906 have 
shown a similar condition. This habit of the larve may be due to 
the fact that at this season the leaves upon the vines are somewhat 
withered and brittle. Hence it would appear to be more difficult 
for the larve to fold the flap of the portion of the leaf cut out for 
making the cocoon, whereas, when the leaves have fallen to the 
ground and have absorbed moisture from the soil they are less brittle 
and the flap can be folded much more readily. Whether this is the 
true cause of the larve seeking the leaves on the ground upon which 
to form their overwintering cocoons or not the fact that they do so 
has an important bearing upon the practice of destroying fallen 
leaves as a means of destroying the overwintering pupz. Since 
most of the cocoons are made upon a small number of leaves which 
are stuck more or less firmly to the ground there is little likelihood 
that many of them will be blown into piles in the corners of vine- 
yards or into hedgerows as has been supposed. Unless these infested 
leaves are gathered carefully before the period of soaking rains during 
the late fall and winter they are likely to fall apart and leave the 
cocoons containing the pupz in the vineyard. Perhaps an attempt 
to gather these infested leaves from the ground beneath the trellis 
during the middle or latter part of October, before the remainder of 
the leaves have fallen from the vines, would prove more effective than 
to try to destroy all of the leaves at alater date. There is no doubt 
that large numbers of pupe can be collected in this way over limited 
areas where the infestation is heavy. Unfortunately, however, the 
vineyardist is too busily engaged in harvesting his grape crop at this 
time to adopt this method of control. 


PLOWING IN LATE FALL OR EARLY SPRING. 


Since it is evident that few of the infested leaves are likely to be re- 
moved by the winds from the ground beneath the trellis it is quite possi- 
ble that large numbers of them could be destroyed by plowing the badly 
infested portion of the vineyards immediately after the crop of grapes 
is harvested and before the rest of the leaves have fallen from the 
vines. Plowing at this time would be more likely to insure the cover- 
ing of the infested leaves than if all of the leaves had fallen, for then 
the loose leaves would be likely to drive ahead of the plow and force 
some of the infested leaves to the surface. 

Many vineyardists object to fall plowing of vineyards, and, where it 
is impracticable, early spring plowing is suggested. Care should be 
taken to throw the soil well under the trellis so that all of the leaves 
may be covered. Since only a small percentage of the moths emerge 
before June 1, plowing up to the trellis during the month of May 
would doubtless cover many of the pupe. 
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BAGGING THE CLUSTERS. 


In some parts of New York State the fruit on many acres of Niagara 
grapevines is protected by inclosing each cluster in a paper bag 
immediately after blossoming. The bagging of clusters of this 
variety is done primarily for protectiop against rot. This method of 
control, however, involves. considerable expense and while very 
effective can not be employed as a means of protection except on 
choice table varieties, and hence will not appeal to the large producers 
of grapes for wine or grape-julce purposes. ye 


HAND PICKING INFESTED BERRIES. 


By hand picking the infested berries from the clusters in July and 
early August the size of the second brood may be greatly reduced. 
The infested green berries are made conspicuous by the presence of a 
purple spot at the point of entrance of the larve. Sometimes the 
berry cracks open and again several small berries may be tied together 
by a silken web (see Pl. V, fig. 2). Before the berries in the cluster 
are large enough to touch each other the infested berries may be 
readily discerned, but at a later date it is necessary either to handle - 
each cluster or to examine the fruit from both sides of the trellis. 
The infested berries collected in this way should be removed from the 
vineyard and the larve destroyed. This may be done by immersing 
the berries in a kettle of boiling water or burying them beneath 
several inches of soil. 


REMOVAL OF ‘‘ TRIMMINGS.”’ 


During the past few years it has become a common practice to pick 
and pack the fruit in baskets in the vineyard. In this case the 
‘““wormy’’ berries are removed from the clusters and allowed to fall 
to the ground and thus the larvee infesting them remain in the vine- 
yard to infest the crop during the next season. A better method 
which is practiced by some vineyardists is to have each picker carry 
an extra basket into which these infested “trimmings” can be placed 
and be removed from the vineyard and destroyed. If the badly 
infested portions of vineyards are harvested at the very opening of 
the picking season many larvee can be destroyed in this way. Ata 
later date in the harvesting season this removal of the worm-injured 
berries from the vineyard will not be very effective, for, as previously 
explained, practically all of the larve have then left the fruit. 


EXPERIMENTS WITH POISON SPRAYS. 
VINEYARD EXPERIMENTS WITH POISON SPRAYS IN 1907. 

In the spring of 1907 an experiment was undertaken in the vine- 
yard of Mr. W. S. Wheeler at North East, Pa. (see fig. 17). In 1906 
and for several seasons previous the fruit in sections of the vineyard in 
which this experiment was conducted had been very badly infested by 
this insect. 
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The sections were laid off in seven plats of approximately 1 acre 
each. There were five rows of vines in each plat. (See plan of plat 
arrangement, fig. 18; dotted lines in figure indicate divisions of plats.) 

The insecticides in all cases were applied with Bordeaux mixture 
since it is desirable to use this fungicide at the time the applications 


Fic. 17.—Vineyard in which poison-spray experiments were conducted against larve of the grape-berry 
moth during the seasons of 1907, 1908, and 1909; vineyard of Mr. W.S. Wheeler, North East, Pa. (Original.) 


are made against the larve of the grape-berry moth, to control 
fungous diseases, such as black rot and mildew. In all cases where 
arsenate of lead was used the Bordeaux formula was 5 pounds of lime 
and 5 pounds of copper sulphate to 50 gallons of water. Where 
arsenite of lime was used with the Bordeaux an additional pound of 
lime was used to counteract any free arsenic which might be present. 


i 
Y 


Fic. 18.—Plat arrangement of poison-spraying experiments against the larve of the grape-berry moth in 
the vineyard of Mr. W. S. Wheeler, North East, Pa., 1907. (Original.) 


A gasoline-engine vineyard sprayer outfit (fig. 19) was used for 
making the application. 

The spray was applied to the vines from the machine by means of 
a fixed-nozzle arrangement (see fig. 19). To a vertical rod on both 
sides of the back end of the machine two short spurs of }-inch pipe are 
attached. Each spur carries a large nozzle of the cyclone type from 
which the spray is discharged into the side of the vine on the trellis. 
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A third and upper nozzle is mounted on a longer spur which projects 
over the trellis. This nozzle is directed downward, throwing the — 
spray upon the top- 
most growth on the 
trellis. Such a ma- 
chine carrying a 
pressure of 100 pounds 
and over will force the 
spray into the vines on 
the trellis and cover 
quite thoroughly all of 
the foliage and fruit 
clusters, especially 
during the early part 
of the season before 
the foliage has become 
dense and before the 
berries in the cluster 
have become so large 
that they touch each 
other. 

In this experiment 
the team was driven 
slowly down each row 
so that the vines were 
sprayed from both 
sides of the trellis. A 
pressure of about 100 
pounds was main- 


Fic. 19.—Gasoline-engine sprayer outfit used in vineyard experi- tgined and about 100 
ments against the larvee of the grape-berry moth in the vineyard 
of Mr. W. S. Wheeler, North East, Pa., 1907, 1908, and 1909. gallons of spray were 


2 ara applied per acre. 
Table XXII gives the spray treatment applied to each plat and 
also dates of application. 


TasLE XXII.—Spray formulas and dates of application against larvx of the grape- ery 
moth. Vineyard of Mr. W. S. Wheeler, North East, Pa., 1907. 


Number 
Plat Pan 
No. Spray formula. oee Date of application. 


tions. 


I. | Three pounds arsenate of lead to 50 gallons of Bordeaux mixture 3 | June 19, July 8, 27. 
Il. | Three pounds arsenate of lead and 2 pounds resin-fish-oil soap 3 Do. 
to 50 gallons of Bordeaux mixture. 
III. | One quart arsenite of lime, Kedzie’s formula, and 2 pounds 3 Do. 
resin-fish-oil soap to 50 gallons of Bordeaux mixture. 
IV. | One quart arsenite oflime, Kedzie’s formula, to 50 gallons of 3 
Bordeaux mixture. 
V.| One quart arsenite of lime, Kedzie’s formula, and 2 pounds 2 
resin-fish-oil soap to 50 gallons of Bordeaux mixture. 
Viel Diaspra ved). 12402 6 2g oe Le ee eee et eee ee 
VII. | Three pounds arsenate of lead and 2 pounds resin-fish-oil soap 2 De. 
to 50 gallons of Bordeaux mixture. 
NT Sean In cs SNE In RTA ENS RE ee etna BUS ee ee 
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The variations in the formulas were made to ascertain, if possible, 
the value of arsenate of lead as against arsenite of lime in the control 
of this insect. The resin-fish-oil was added on some plats and with- 
held on others to determine its value as an adhesive in making the 
spray stick to the grape berries. The variation in number of appli- 
cations was made to ascertain if applications made before the blossom- 
ing of the grape were of greater value than those made after blossom- 
ing. The application on June 19 was made when the blossom clusters 
were well developed, but a few 
days before actual blossoming 
(see fig. 20). The application on 
July 8 was made after blossoming 
when the berries were about the 
size of buckshot (Pl. V, fig. 1). 
At this stage of development the 
berries stand some distance apart. 
and the spray can be forced 
through the cluster, so as to cover 
all of the berries. The application 
July 27 was made for the purpose 
of covering the berries to protect 
them from the entrance of larve 
of the second brood. 

In all of these applications 
the work was quite thorough, and 
with the exception of the third 
application most of the clusters 
were well covered by the spray. 
When the third application wag FG. 20.—Stage of development of grape blossom clus- 


a ter at which poison-spray application should be made 
made the foliage had become against early hatching larve of the grape-berry moth 


rather dens e,m akin g it more dif- which infest the blossom clusters. (Original.) 
ficult to reach the clusters, and at the same time the berries had 
increased in size, forming a somewhat compact cluster. These con- 
ditions made it increasingly difficult to force the spray in among the 
berries. Furthermore, too much poison forced into the clusters in 
this condition is undesirable, since some of it is likely to be present 
in the cluster when the fruit is ripe and thus render it undesirable for 
table use. 

During the season four counts were made of infested berries on 25 
vines inall of the plats. Table X XIII shows the increase in infestation: 
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Taste XXIII.—Progress of infestation vd fruit by larve of the grape-berry moth in 
experimental plats. Vineyard of Mr. W. S. Wheeler, North East, Pa., 1907. 


FIRST COUNT OF INFESTED BERRIES MADE JULY 24. 


Aver- Total 

Num- ee Total | age | Num- |number eee 4 

Plat Date of spray ber of Seana tones “anes number|number| ber of | of ber- aeiie = 

No. application. appli- UREN E i mete of clus-| of ber- jinfested| ries ieee 

cations. ad ters. |ries per| berries.| count- Pasir d 

cluster. ed. ‘ 

I. | June 19, July 8, 27. 3 | 5-5-3-50_.:.:..-..- 25 997 36 205 | 35, 892 0.45 
Tee Gowen ea nsAe 3 | 5-5-3-2-50........- 25 853 36 83 | 30,708 27 
10 0 Uo eee Cs ee Se ermens 3 | 5-6-1 qt.—2-50.-..- 25 842 36 113 | 30,312 37 
LAYS Wil eC) Bes eee 3 | 5-6-1 qt.-50....... 25 835 36 131-| 30, 060 43 
Witte dost sec eans 2 | 5-6-1 qt.—2-50... .. 25 744 36 172 | 26,784 . 64 
VI. | Unsprayed....--- WOTO- | INOMO bo soscbeccue 25 890 36 317 | 32,040 -98 
WAU dhblhia@), Paseo ace 2 | 5-5-3-2-50.-.....-- 25 | 1,204 36 126 | 43,344 29 

SECOND COUNT OF INFESTED BERRIES MADE AUG. 29 
I. | June i July 8, 27. S| poop 8 OU Nae e eee 25 997 36 662 | 35, 892 1.84 
Teoh Sere ORs ser sere 3 | 5=5-3-2-50_....-..- 25 853 36 337 | 30,708 1.09 
1 ee de Bee eee cal 3 | 5-6-1 qt.-2-50..-.- 25 842 36 432 | 30,312 1.09 
TIAA pers GO RRs ee Naa 3 | 5-6-1 qt.—50..--.-- 25 835 36 330 | 30,060 1.09 
NBN liye ©) ass aera Oi 2 | 5-6-1 qt.-2-50..... 25 744 36 419 | 26,784 1. 56. 
Wale Unsprayed Sh Mee INone sll Nome ee esses nee 25 890 36 696 | 32,040 2.17 
WADI dilly AO Ofae seen os 2 | 5-5-3-2-50.-...-... 25 | 1,204 36 340 | 43,344 78 
THIRD COUNT OF INFESTED BERRIES MADE OCT 
| 

I. | June i July 8, 27. 3 | 5-5-3-50..-......-- 25 997 36 | 2,326 | 35,892 6. 45 
1) yl he 0 Koa eee ee 3 | 5-5-3-2-50_......-: 25 853 36 | 1,751 | 30,708 5. 70 
10 ace 26 Heresies es 3 | 5-6-1 qt.-2-50..-.. 25 842 86 | 1,503 | 30,312 4.95 
VIN fod aeesrre (O0}s Seaion Seer 3 | 5-6-1 qt.—50_.-.-.- 25 835 36 | 1,083 | 30,060 3. 60 
Wisc ant hy GWA aie ater 2 | 5-6-1 qt.-2-50..... 25 744 36 | 1,681 | 26,784 6. 27 
Walaa Umsprayedee = 4as5 None | NOneeteeeee ae oee ee 25 890 36 | 3,549 | 32,040 11. 07 
Wille | dialby@) 27/e sees 2 | 5-5-3-2-50.....-... 25 | 1,204 36 | 1,910 | 43,344 4.40 

FOURTH COUNT OF INFESTED BERRIES MADE OCT. 23. 

I. | June 19, July 8, 27. 3 | d-0-8-001 2 LoL eee 25 997 36 | 4,655 | 27,544 16. 90 

1 0 5p | eee GOS yes enue 3 | 5-5-3-2-50.....-.-- 25 853 36 | 2,295 | 25, 668 9.51 
(OU ee Oe eee meres 3 Sb olegte-2 50s ae 25 842 36 | 2,648 | 24,552} 10.78 
TWA pees COE ee meee Ae 3 |. 5-6-1 qt.-50.....-- 25 835 36 | 2,295 | 24, 232 9. 74 
Wel wb WOSA ieee ee oe 2 | 5-6-1 qt.-2-50..... 25 744 36 | 2,288] 23, 562 9.71 
Wie) |" Unsprayed .. 22.2: INoneys |S NOnee ase ee eee 25 890 36 | 3,149 | 23,000 13. 69 
WOU ad fli.) Oe ceri 2 | 5-5-3-2-50.......-- 25 | 1,204 36 | 2,338 | 36,980 6. 32 


In making these counts it was observed that the infestation was 
very irregular throughout this block of vineyard. The first two or 
three rows on Plat I were heavily infested. The fruit on about 20 to 
30 vines, on the east end of plats I, II, and III was also quite badly 
infested. Passing through Plats V, VI, and VII and toward the 
north side and the west end of the vineyard the infestation was much 
lichter, and on Plat VII and the extreme west end of Plats IV, V, VI, 
and VII the infestation was very light. This exceedingly variable 
condition of infestation has made the tabulation of results very 
difficult, and it has been quite impossible to bring out the relative 
value of the different poisons used and the value of the varying 
number of applications. 
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The results of the spraying operations for this season are quite 
indefinite and serve oply to bring out the great irregularity in infesta- 
tion, its progress throughout the season, and the difficulty in laying 
out a plat arrangement which will show accurately the effect of spray 
treatment against this pest. That some benefit did result from the 
spray application is indicated by the fact that in a comparison of 
infestation in Plats V, VI, and VII, where the infestation was lighter 
but more uniform than on the opposite side of the vineyard, there was 
throughout the season a greater infestation on the unsprayed plat 
than on the two adjacent sprayed plats. There was not sufficient 
difference in the weight of fruit from the different plats to indicate a 
commercial value resulting from the use of arsenate of lead as against 
arsenite of lime. 


VINEYARD EXPERIMENTS WITH POISON SPRAYS IN 1908. 
The spray work for 1908 was conducted in the same vineyard as in 
1907. The plat arrangement, however, was changed. The number 


I. 


bway 


ve 
= 
AQ 


Fig. 21.—Plat arrangement of poison-spraying experiments against the grape-berry moth in the vineyard 
of Mr. W.S. Wheeler, North East, Pa., 1908 and 1909. (Original.) 


of plats was reduced to four. Plat I consisted of 5 rows, Plat II of 
12 rows, Plat III of 13 rows, and Plat IV of 5rows. The position of 
the check or unsprayed plat was also changed. Checks were left in 
two places. In the west section 10 vines were left unsprayed on the 
east end of all the rows of the four plats; in the east section 15 vines 
were left unsprayed on the east end of all of the rows of the four plats. 
(See plan of plat arrangement, fig. 21.) The dotted line running 
across the plats near the east end of both sections indicates the loca- 
tion of the unsprayed check vines; these portions thus separated are 
numbered Plat Va and Plat Vb, respectively. 

This rearrangement of plats was adopted in the hope that the 
infestation of the vines in these locations would more nearly represent 
that existing on the sprayed vines. 

Arsenite of lime was eliminated from the spray formulas used, on 
account of slight injury to foliage. The spray formula on all four 
plats was the same. (See Table XXIV.) 
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Taste XXIV.—Spray formulas and dates of application against larve of the ise 
moth. Vineyard of Mr. W. S. Wheeler, North East, Pa., 1908. 


a ee peo 
t ; ale 
NG. Spray formula. aD GUE Date of application. 
tions. 

{eee Three pounds arsenate of lead and 2 pounds resin-fish-oi! to 50 2} June 4, 18. 

gallons of Bordeaux mixture. 
Serle aaa Ae ee en ee eee ee ee eee See ee. = thee des 3 | June 4, 18; July 6. 
10S eee GOES Bete RSE eek eho el 2 eae oe pe eae ee 2 | June 19; July 6. 
DWV eine Oe eso le 2s. lee eS anced Se ee era 1 


do June 19. 
V zb.| Unsprayed. : 


The same spraying machine and the same nozzle arrangement 
were used as in 1907. The pressure maintained was from 100 to 125 
pounds. About 100 gallons of spray were applied per acre. The 
first application was made June 4, just before the blossom buds 
opened. <A double application was made at this date; that is, as 
soon as the plats had been sprayed once the same plats were gone 
over again. Only Plats I and II were sprayed at this date. On 
June 18, just after blossoming, when the berries were about the size of 
buckshot (Pl. VIII, fig. 1), all four of the plats were given a double 
spraying. About 100 gallons of spray were used at each application 
and a pressure of from 100 to 125 pounds was maintained. Plat II 
received a third application July 6. This also was a double applica- 
tion. In making these double applications the vines were covered 
very thoroughly fe the spray. 

As in the previous season the infestation proved to be widely vari- 
‘able, rendering it impossible to make a comparison of the value of the 
variation in the number of applications made to the different plats. 
The infestation was distributed in about the same general manner as 
in the previous year. Plat I, on the south side of the section, was 
the most heavily infested, the infestation gradually decreasing in the 
other plats toward the north side of the vineyard. Counts were 
made on 25 vines in each of the check plats and also in each of the 
sprayed plats to show the progress of infestation for the first and 
second broods. (See Table XXV, showing count of infested berries 
for 1908.) 


Taste XXV.—Progress of infestation of fruit by larve of the grape-berry moth in experi- 
mental plats. Vineyard of Mr. W. S. Wheeler, North East, Pa., 1908. 


FIRST COUNT OF INFESTED BERRIES, MADE ON AUGUST 3, 4. 


| 


Noeber Number | Number 

Plat No. | Date ofspray application. | Spray formula. of appli- pm Pia 

cations. A : 
ined. berries. 
| 
es Soe ENG A, iS oes v3 BE a Fk 1 5—5-b—2 50: 225s Set ee ee aw coe eae 2 25 28 
Pies eae oe June 4, 18; July 6......- §=5=352-50 8 oo ee oe oe 3 25 25 
1 0 a se Wie NOs Jily G6. 5-5=3-2-50 4. 22 ecb ae ee ee 2 25 a 
1 25 
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Table XXV.—Progress of A ates of fruit by larve of the grape-berry moth in experi- 


mental plats. 


Vineyard of Mr. W.S. Wheeler, North East, Pa., 1908—Continued. 


SECOND COUNT OF INFESTED BERRIES, MADE ON SEPTEMBER 24 TO 26. 


| 


4 SS Number 


Number 
Plat No. | Date of spray application. Spray formula. of appli- ears a fad 
cations. ined. berries. 
reas. fon: A eee aU 1 Se eee a a ee 2 25 1, 855 
eee ss: June 4, 18, 19; July 6 5-03 Ob eyne Sener bk See ee ecie 3 25 1, 440 
ipere Hil G8 B=0= 32-00 sean or eee areea a ac 2 25 1,095 
TV. ludti:: (0) Bap 2-50 ee eee eee ner aoe ae 1 25 960 
— — — — — — -—— —$—$—$——$—_— sl _ 
FIRST COUNT OF INFESTED BERRIES MADE ON AUGUST 3, 4. 
Woes ..--. | Wmsprayed.:-...-.....-.- INOMGEES seers aa sete eer eet oe oss ec None. | 25 | 387 
LOT ee “ie. 355 2S ee ee eee COE net ate en es oe Seo, None. 25 198 
LOT Gee ae SL Be ee eee Ee COE repens: eee = eee None. 25 153 
Hine et. os ob. 354 ee Goa Seo ee ke eee None. 25 67 
SECOND COUNT OF INFESTED BERRIES, MADE ON SEPTEMBER 24 TO 26 
V a-b.. ‘vu msprayed=...-..--...-- INONGL. paket shi eet vert None. 25 | 4, 495 
Cee eS 0. ate ee ee ele Gen WOU eee as bt eee Ses None. 25 2, 899 
1B Yt eae ae U0 ee eee OMe ee: Oe a So ns None. 25 2, 466 
iD) She ee None. 25 1,588 


When the fruit was harvested the crop from the sprayed and from 
the unsprayed plats was weighed. Table X XVI, in the columns 


under “Yield in pounds of fruit per acre, 
. crop yield per acre on the sprayed and the unsprayed plats. 


3 


shows the difference in 


The 


last column also shows the cash value of the increased yield per acre 


on the sprayed vines. 


TABLE XX VI.—Amount of fruit infested by the grape-berry moth on ae and unsprayed 


oe and cash value of spray wie t per acre. Vineyard of Mr. W. S. Wheeler, North 
t, Pa., 1908. 
< i Ces - . — 
verage | otal |.Numl 
Number number pd academic 
Plat No. | Date of spray ap- | ofappli-| Spray formula. | of ber- | 2Umber | of vines 
plications. cations mies’ per |p) OF clas ex- 
; x eae ters. amined. 
/ 
Ld June 4, June 18... . 2 | 5-5-3-2-50......... 36 2312 60 
A Me aS. cche sao - ue ates ce ba soe bee Menus 36 3,858 60 
nS June 4, June 18, 3 | 5-5-3-2-50......... 36 3,374 60 
July 6. 
i) PIS OCAU OOo see. seole Mae ech ack wea ete dae 36 2,294 60 
A er June 19, July 6.... 2 | 5-5-3-2-50......... 36 2,235 60 
OL ea MEN yee otic ied veda teal wis ows p aoeeaee ae 36 1,914 60 
0 ee MUG TO eee ae 1 | 5-5-3-2-50........- : 36 1,751 60 
a py EE a ee es a : 36 1,796 60 
' 
‘ ) | Yield in pounds of | Cash gain in 
/ Total Total Pp t Date of / fruit ee acre. ) yy, ield of fruit 
| number | number | 4 & cen te | d 
Plat No. of wormy} exami- | __ | On spraye 
of ber- jof wormy f : | plats per acre 
) ries berries. berries nation. (at 14 cents 
Sprayed. Unsprayed., per pound). 
Renew 83, 232 | 4,452 5.3 | Sept. 26 oe | 9.947 : 
ye- Vo. 102,888 | 11,989 TEA hic theca? 4,175 | 3,341 $12. 42 
oe ee 85, 464 3,458 4.4 ...do ee 6 oan, | ; . ; 
Va- Vb... 82) 584 | 7,733 9.2|...do..... } 3, 826 2, 998 12. 42 
Pen 80, 460 2,632 ee fs ae ‘ . 
Va-Vb.. 68,904 | 6,577 28 [dof 3949 8, 020 sho 
ee 63,136 | 2,309 3.6 |...do.....!) saa Ans “f 
Va-Vb 64,656 | 4,136 6.3 |-..do....2| el 2, 456 10. 
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VINEYARD EXPERIMENTS WITH POISON SPRAYS IN 1909. 


The spray work for 1909 was conducted in the same vineyard as m 
1907 and 1908. The plat arrangement was the same asin 1908. The 
unsprayed check vines were also in the same location as in 1908. 
(See fig. 21.) The same gasoline-engine spraying outfit was used as 
in the two previous seasons and the nozzle arrangement was also the 
same. A pressure of from 100 to 125 pounds was maintained and 
about 100 gallons of spray were applied per acre. The first applica- 
tion was made on Plats I and II June 8, just before the blossom buds 
opened. The second application was made June 28, after blossoming, 
when the berries were about the size of buckshot. At this date all 
four plats were sprayed. Plat II was given a double spraying on 
this date. The other plats received only one application at each date 
throughout the season. All four plats were sprayed July 9, when the 
berries were large enough to touch each other in the cluster. (See 
Table X XVII, showing spray formula and number of applications.) 


TaBLE XXVII.—Spray formula and dates of applications against larve of the grape- 
berry moth. Vineyard of Mr. W. 8S. Wheeler, North East, Pa., 1909. 


Nae 

of spra nA 

Plat No. Spray formula. ana i oh Date of application. 

tions. 

I..........| Three pounds arsenate of lead to 50 gallons of Bordeaux 3 | June 8, 28; July 9. 
mixture. 

7h ae ae a 5 | ee ane sea BeAr ae Sea eI RON oh Cre? 3 Do. 

EES... 6 pee il Seok Saas Sule Stet TS oa SAO 2S ae Sree ee es 2 | June 28; July 9. 

IV .. ss a SR te Se A oe arse VB Seas 2 Do. 


Counts of infested berries were made on 25 vines in each of the 
unsprayed check plats and also in each of the sprayed plats. (See 
Table XXVIII, showing progress of infestation for season of 1909.) 
TasLeE XXVIII.—Progress of infestation Y fruit_by larve of the grape-berry moth in 

experimental plats. Vineyard of Mr. W. S. Wheeler, North East, Pa., 1909. 


FIRST COUNT OF INFESTED BERRIES, MADE ON JULY 25. 


| 
| Number aa umber 
Plat No. Date of spray application. Spray formula. | of appli- pie of infested 
cations. d ~ | berries. 

| ined. 
| NE OS a ee eee June 8, 28 SUL eo Bee Bes Soro O07 Mee an ee 3 25 23 
(i LS ON SE ee mie PET 9 0 CINE MeL Pi bly Bla ahah 5=5-3-50UC Le, oe 3 25 14 
1 eS eee | J une 25, Sl yi9 Bes cova es 5-5-3-50......-..-- 2 25 17 
LSE GEES Sane POE ace Ste BES cya yh ay: Fa ae eee | 2 25 12 


SECOND COUNT OF INFESTED BERRIES, MADE ON SEPTEMBER 21 TO 24. 


ve a 3 25 750 
Rt es eh dg. ess ae -bSe ee 3 25 396 
MIE cena ct June 25, Tuby'ae.. eee 5-bese-wO ores ed 2 25 550 
RV EE 3 le ee eee aL SAO he cee a ee 5-8-3 see ee omar 2 25 390 


Bul. 116, Part Il, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE VIII. 


FIG. 1.—SHOWING SIZE OF GRAPE BERRIES AT SECOND SPRAY 
APPLICATION ABOUT THE TIME MANY OF THE FIRST-BROOD 
EGGS OF THE GRAPE-BERRY MOTH ARE DEPOSITED ON 
THEM. (ORIGINAL.) 


Fia. 2.—TRAILER METHOD OF VINEYARD SPRAYING IN ORDER TO APPLY THE SPRAY TO 
THE UNDERSIDE OF THE FOLIAGE OR TO THE GRAPE CLUSTERS WHERE THE FOLIAGE 
iS DENSE. (ORIGINAL.) 
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Taste XXVIII.—Progress of infestation of fruit by larve of the grape-berry moth in 
experimental plats. Vineyard of Mr. W.S. Wheeler, North East, Pa., 1909—Contd. 


FIRST COUNT OF INFESTED BERRIES, MADE ON JULY 25. 


Number 


Number of eines Number 
Plat No. Date of spray application. Spray formula. | of appli- eet ofinfested 
cations. f berries. 
ined. 

VE cc ttec ee cits Wmspmayed.. cx vist ese ces INOMGrsteasass she None. 25 34 
Disco (OC ei Same ae a mae Ri 8S Ch ASAE eae None. 25 28 
Us Se 110) DE aR ee Rn eee eR etl ge a O10 USP HR as AR mE None 25 21 
2) 2 Ge C010) afer al ee etee ay) (ata aa GOR eres sas None 25 19 


SECOND COUNT OF INFESTED BERRIES, MADE ON SEPTEMBER 21 TO 24. 


OO PEER PY AQIOO oo oc Sinn «be o's, wn NOG ros. 2 Sse5-o None. 25 1, 574 


DOS Se Ce ere reeks ween olog Gores Shee None. 25 890 
io. 2 1 ee ORGS SS ete ae RY a eee [ae ae GOB eee None. 25 468 
_ -  ) Mee & 9 ARS BES SO Ae eee rel eee GOEL EE aces None. 25 1,168 


The counts were made July 25 and September 21 to 24. The 
infestation this season, as in 1907 and 1908, was heavier on the south 
side of Plat I and on the east end of the east section and became 
lighter toward the north side and west end of the vineyard, a condi- 
tion which existed throughout the three seasons. 

When the crop was harvested it was found that there was practic- 
ally no difference in weight of fruit per acre on the sprayed and the 
unsprayed vines. Taking the vineyard as a whole the infestation 
was very much lighter than in either of the preceding seasons. (See 
Table X XIX, showing percentage of infected berries on fruit from 25 
vines in each of the sprayed and the unsprayed plats.) 


Taste X1X.—Percentage of grape berries infested by larvx of the grape-berry moth on 
a vines in sprayed and unsprayed plats. Vineyard of Mr. W. S. Wheeler, North East, 
a., 1909. 


SPRAYED. 
| Aver- | 
| age f Per- 
eo Num-| Total | num- peg Total | cent- Date 
Plat ber of ber ofjnumber|ber of fafest. number age of alastars 
No. | Datessprayed.| jr" °: Formula. |vines| of | ber- "GG of in- i 
. a eared exam-| clus- | ries | yo, | ber- |fested| ..a "ined 
ined.| ters. i rpg. | Test | ber- ; : | 
s- ries. | 
ter. 
idee etek 2 - || ao . o 
1909. 
I Foc te . 28, | sil Pee is dine 0 25 1,512 38 7&0 | 57,456 | 1.30 | Sept. 21-24 | 
ef 
1 a | 3 | 5-5-3-50....... 25 | 1,242 38 | 396 | 47,196 | .84 Do. i 
III.| June 28, July 9.) 2 | '5-5-8-50......- _ 25] 1,203) 38] 554] 49,514 | 1.12 Do. 
ot ia CUE iss | 2 | 5-5-3-50....... 25 1,288 | 38 | 390 | 48,944 | .79 Do. 
UNSPRAYED. 
a Unsprayed.... Note. .| INONG: oe cinta do. 25 1,102 38 hy 574 42,256 | 3.72 | Sept. 21-24 | 


25 | 994 38 890 


37,772 | 2.36 Do. 
. / ; 
25 | 747 38 | 468 | 26,562 | 1.77 Do. 
25 


1,182] 38 ius | 44,916 | 2.60 Do. 
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In considering the results of the spray experiments presented in 
the foregoing paragraphs the casual reader might infer that the 
benefit derived does not offset the cost of the operation. Charging 
the total expense to this particular insect, this would probably hold 
true for the seasons of 1907 and 1909. The treatment for 1908 
shows a cash increase in crop yield, however, which more than offsets 
the cost of spray treatment for that season. It should be remem- 
bered, too, that these spray applications serve to protect the grape- 
vines against the grape rootworm and the fruit and foliage against 
fungous diseases. For both of these infestations it is desirable to 
make the spray applications at about the same dates that the appli- 
cations are recommended to be made for the control of the larve of 
the grape-berry moth. Hence the additional expense involved in 
the increased amount of spray material used in making applications 
thorough enough to be effective in decreasing the infestation of the 
grape berries by this insect is not very great. 

The cost of spray material and labor for each application at the 
rate of about 100 gallons per acre was approximately $2 per acre 
for each application. Furthermore, there is no doubt that the 
poison-spray application covering the three seasons greatly reduced 
the infestation throughout the vineyard, for at the end of the third 
season’s treatment the infestation was manifestly much less than 
when the experiment was commenced. 


RECOMMENDATIONS FOR CONTROL. 


At the present state of our knowledge of the habits of this pest 
and of the methods that have been suggested and employed for its 
control it is impossible to recommend any one method which of 
itself has given results that are as satisfactory as could be wished. 
The life-history studies made during this investigation, which have 
been discussed under that head, indicate that we have been in 
error in assuming that there are three broods of this insect in the 
Lake Erie Valley. According to Prof. Slingerland the first brood 
develops in the blossom clusters and the recently set berries. The 
summer or second brood develops on the green grapes during July 
and early August and a partial third brood occurs in autumn. 

On the strength of these statements much emphasis has been 
placed upon the importance and probable efficiency of a poison spray 
applied to the vines just previous to blossoming to destroy the 
larvee of the first brood which feed upon the blossom cluster. The 
life-history studies made during this investigation, however, indi- 
cate that only about 25 per cent of the spring moths emerge pre- 
vious and up to the time that the blossom buds break into bloom. 
Hence no matter how effective this first poison application may be 
in the destruction of the larve actually feeding upon the blossom 
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clusters it is ineffective against the larger portion of the first brood 
_ of larve, since at this time only a small portion of them have hatched. 
On the other hand, it is of great importance to destroy as many as 
possible of these early appearing larve, since the adults into which 
they develop deposit eggs for the second brood. With our present 
knowledge that the majority of the larve of this first brood do not 
appear until after the berries have set, this first poison application 
previous to blossoming can no longer be emphasized as the most 
important spray treatment, to the extent of regarding later applica- 
tions as of little value or of withholding them entirely. In fact, 
with the knowledge that the majority of the larve hatch after the 
blooming period during the first two weeks in July, additional atten- 
tion should be given to making the spray application very thorough 
during this period. It is quite probable that a single poison-spray 
application just before the blossom buds open, followed by a heavy 
double application about the first week in July just after the berries 
have set and at a time when the maximum number of larve are 
hatching, will doubtless give the most satisfactory results to be 
secured from a spray treatment. A study of the experimental 
results secured in the season of 1908, when this heavy double-appli- 
cation method was followed, indicates that better net results were 
secured from these double-spray applications than in the seasons 
of 1907 and 1909, when the plan of making a single application at. 
each date of spraying was followed. 

Where these heavy double-spray applications are resorted to it is 
suggested that a Bordeaux formula consisting of 3 pounds of lime 
and 3 pounds of copper sulphate to 50 gallons of water be employed 
instead of 5 pounds of lime and 5 pounds of copper sulphate as is 
sometimes recommended. ‘The reason for suggesting this weakening 
of the Bordeaux formula is that injury to the foliage of the grape- 
vine has been observed to result from very heavy and frequent 
applications of the stronger formula. 

In making spray applications against this insect it is very desirable 
that a high pressure be maintained in order to force the poison spray 
into the cluster so that all of the berries may be covered. (See PI. 
VIII, fig. 1, showing size of grape berries at date of second spray 
application, at about the time many of the first-brood eggs of the 
grape-berry moth are deposited.) If at the second spraying this can 
not be done with a stationary nozzle arrangement on account of the 
dense foliage, the trailer method of application used against the 
grape leafhopper may be employed. (See Pl. VIII, fig. 2. 

When the grape leafhopper is at all numerous in vineyards where 
spraying treatment for the grape-berry moth is necessary, a combi- 
nation spray may be used against both insects during the early 
part of July, using the “ trailer’? method of application. 
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Commercial tobacco extracts (blackleaf tobacco extract, contain- 
ing 2,4, per cent nicotine sulphate) applied at a diluted of 1 to 
150 lone of water, or a still more highly concentrated form 
( ‘blackleaf 40,’ containing 40 per cent nicotine sulphate) applied 
at a dilution of 1 to 1,500 gallons of water, may be used with arsenate 
of lead. The tobacco extract is used on the leaf as a contact remedy 
against the nymphs of the grape leafhopper and the arsenate of lead 
on the fruit against the larve of the grape-berry moth. Paris green 
and arsenite of lime should not be mixed with the tobacco extracts 
as a substitute for arsenate of lead, for serious foliage 1 injury results 
from these combinations. 

The combination-spray application against these two insects 
should be made by the ‘‘trailer”’ method, as shown in Plate VIII, 
figure 2. The nymphs of the grape leafhopper suck the juice from 
the underside of the grape leaves and are killed by the tobacco 
extracts coming in contact with their bodies; hence, in making this 
application to the underside of the grape foliage most of the grape 
clusters are drenched by the spray. By the addition of arsenate of 
lead this application may also act as a treatment against the larve 
of the grape-berry moth. 

Since no serious infections of black rot have occurred in the vine- 
yards of the Lake Erie Valley during the past few seasons, the stronger 
fungicide formula does not appear to be necessary. Hence the 
combination spray formula recommended against this pest is as 
follows: 


Ramesses, Siu 4s pounds. . 3 
Copper sulphate Bordeaux formula. £:2).65 55). Sees eee eee ORs: 3 
Waiters. eofh ocho gallons... 50 
Arsenate of lead: (imsecticide).s. 2. 46m o.oo) ose ee pounds. . 3 


Since the effectiveness of an arsenical spray treatment depends 
upon the presence of the poison upon the blossom clusters and upon 
the berries when the larve hatch from the eggs and commence to 
feed upon the blossom buds and berries, and since this period varies 
more or less each season, it is impossible to give definite dates at 
which the applications should be made. Hence the development of 
the blossom clusters and the formation of the berries will doubtless 
indicate more accurately the hatching period of the larve. The 
following spray schedule is based on the blossoming period of the 
grape and the development of the berries: 

First application just previous to the blossoming period (see fig. 20) 
to poison the larve which feed in the blossom cluster, from about 
June 8 to 14. 

The second application should be made immediately after blossom- 
ing, at which time the larve commence to feed upon the newly set 
berries, and the application should be doubled over those portions — 
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of the vineyard where the infestation has been heavy during previous 
_ seasons. The time of this second application is approximately from 
June 20 to 30. 

The third application should be made when the berries are about 
the size of buckshot (see Pl. VIII, fig. 1). If the foliage is dense, the 
‘“‘trailer”’ method of application should be employed, and if the grape 
leafhopper is at all numerous the tobacco extract should be added to 
control the latter insect. The time of this third application is 
approximately from July 5 to 15. 

The poison-spray treatments recommended against the grape root- 
worm are also covered by the second and third applications against the 
erape-berry moth. 

It should be distinctly understood by the vineyardist that the 
arsenate of lead is the active kilmng agent employed against the 
larve of the grape-berry moth and that it is applied with the Bor- 
deaux mixture, which is a fungicide, in order to avoid the duplication 
of applications. 

Where a considerable number of infested grape berries are observed 
on vineyard areas that received a poison-spray application before 
the grape blossoms opened, and a heavy double application after the 
berries had formed, it may be necessary to hand pick the infested 
berries during the ie part of July before many of the larve of the 
first brood have fully developed. By removing these larve from the 
vineyard and destroying them by immersing the infested berries in 
boiling water, the amount of infestation by the second brood of 
larvee may be greatly reduced. ® 

Should only limited areas of the vineyard prove to be seriously 
infested at the approach of the picking season, as frequently occurs, 
it is suggested that the vineyardist remove the fruit from these 
vines as early as possible, for in doing so he may be able to remove 
a good many of the larve frone the vineyard which would otherwise 
remain there to reinfest the crop of the succeeding season. 

In addition to the control methods suggested against the larve, 
special effort should be made to destroy eine pupe which pass the 
winter in the fallen leaves, on the ground beneath the trellis. (See 
fig. 22.) As previously mentioned, observations made during this 
investigation indicate that the majority of the pups over-winter in 
cocoons made upon leaves which have fallen prematurely to the 
ground beneath the trellis. These leaves are frequently stuck to the 
soil and are in a state of semidecay before the rest of the foliage has 
fallen from the vines. Hence there is little likelihood that many of 
these leaves bearing the cocoons wiil be blown out of the vineyard. 
For this reason it is quite probable that if 2 or 3 inches of soil are 
thrown under the trellis in late fall or early spring many of the pup 
may be destroyed by this operation. It is not known positively that 
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plowing under the pupa-infested leaves in this manner will destroy 
the insect in this stage, but it is highly probable that many fatalities 
will result from the method. It is believed that greater success will 
result from an endeavor to destroy the pupx which are in cocoons 
upon leaves that remain in the vineyard throughout the winter than 
in the destruction of leaves outside of the vineyard which are blown 
into fence rows, ditches, and adjacent rough lands. No moths of this 
insect have been reared from grape leaves gathered from these latter 
locations, although several attempts have been made to secure speci- 
mens from them. 


Fic. 22.—Overwintering cocoons of the grape-berry moth upon leaf on ground, beneath a badly infested 
grapevine. (Original.) 


CONCLUSION. 


Wherever vineyards have become badly infested by the grape-berry 
moth serious injury to the crop has resulted and the owners of the 
infested vineyards have found it a very difficult pest to eradicate. 
Many vineyardists who have tried to control the pest with a poison 
spray have not met with as complete success as they would wish. 
Many such instances of complete or partial failure have been observed. 
In nearly all of these cases, however, investigation has shown that 
this lack of success, in all probability, was largely due, either to 
inferior spraying equipment which failed to deliver the spray im 
sufficient quantity and force to thoroughly cover the clusters, or to the 
fact that the applications were not made at a time when the majority 
of the larve were about to hatch. Frequently both of these condi- 
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tions have occurred simultaneously, and as a result, failure has been 
complete. For this reason, the spray method of control is looked upon 
with disfavor by many who have carried on the work under these 
conditions. 

In vineyards where infestation is at all serious vineyardists are 
urged to give the spray method a thorough trial for a period of several 
consecutive seasons. If the infestation is confined to a limited area, 
as is frequently the case, the owner can well afford to make additional 
applications over this area to prevent it from increasing and spreading 
farther into the vineyard and possibly, at some future time, causing 
the loss of a large percentage of the crop over the entire area. 

A lack of knowledge of the extent of the infestation of his vineyard 
by this pest during the early stages of the first brood is perhaps one of 
the chief causes for lack of successful control by the owner. It is 
hoped that with the aid of the data contained in this paper under 
“Seasonal history”’ the vineyardist will be better able to determine the 
periods when the maximum number of larve leave the eggs to enter 
the berries, and with the additional aid of more efficient high-pressure 
power-spraying machinery now available for this work it is believed 
that the poison-spray method of control will prove to be the most 
effective and practical means of controlling this pest. 

Combination spray mixtures, whereby other insect pests of the 
grapevine can be controlled by the same applications made against 
the grape-berry moth, have been suggested under the head of recom- 
mendations for control and are worthy of trial in the endeavor to 
reduce the cost of controlling several of the pests that infest the fruit 
and foliage of the grape in the vineyards throughout the Lake Erie 
Valley. This phase of control work will receive some attention in 
connection with further studies to be made of grape pests, by the 
Bureau of Entomology, in this region. 
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THE CHERRY FRUIT SAWFLY. 
(Hoplocampa cookei [Clarke]). 
By S. W. Foster, 


Entomological Assistant. 


INTRODUCTION. 


The cherry fruit sawfly is an insect comparatively little known to 
science. It was first described by Prof. W. T. Clarke in the Cana- 
dian Entomologist, volume 38, No. 11, page 353, under the name 
Dolerus cookei. In 1910 specimens of this species were brought to 
the attention of Mr. S. A. Rohwer, of the Bureau of Entomology, 
who referred it to the genus Hoplocampa. As he was unfamiliar 
with the type of cookei, he considered that it represented an unde- 
scribed species, for this latter was destroyed in the insect collections 
by the San Francisco fire. Mr. Rohwer, however, as a result of the 
examination of abundant material, has come to the conclusion that 
his and Clarke’s species are the same insect, which should now be 
known under the name of Hoplocampa cooker (Clarke). Mr. Rohwer’s 
description of the species as Hoplocampa californica is given herewith, 
as taken from Technical Series No. 20, Part IV, of this bureau, page 
143: 


Female.—Length 3.5 mm. Clypeus broadly, shallowly, angulately emarginate, 
lobes broad, obtusely triangular; supraclypeal area convex, finely granular; antennal 
furrows wanting, antennal foveze small; middle fovea elongate, shallow, not well 
defined; ocellar depression small, distinct, not sharply defined; postocellar area well 
defined on all sides; head and mesoscutum with small, separate, well-defined punc- 
tures; antennz rather slender, third and fourth joints equal; sheath slightly concave 
above, slender, convex below from apex; cerci short, stout; stigma broadest near base, 
strongly tapering to apex; transverse radius strongly oblique, in apical third cell; 
third cubital cell longer than first and second combined. Black; clypeus, labrum, 
mandibles (except piceous apices), orbits, occiput (except postocellar), tegule, 
anterior legs (except coxze), intermediate femora, and part of posterior femora reddish 
yellow; posterior femora in part, most of four hind tibize, and tarsi black or brownish; 
wings hyaline, iridescent; venation pale brown, stigma in part pallid. 

Paratopotypes show that the four hind legs may be mostly black, the posterior 
orbits pale and the pale spots of the occiput reduced in size. 
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_Male.—Length 3 mm. Clypeus more obtusely emarginate than in female; third 
joint shorter than fourth; stigma not strongly tapering; hypopygidium narrowly rounded 
atapex. Black; antenne, head (except interocellar area), margin of mesoprescutum, 
lati, pectus, legs, and venter reddish yellow; wings as in female. 


Type locality.—Suisun, Cal., March 10, 1910 (R. W. Braucher); eight females and 
one male. 


Type.—Catalogue No. 13471, U. 8. National Museum. 


On April 20, 1909, while inspecting the cherry orchard of Mr. — 
Charles Barnes, Suisun, Cal., for the extent of injury caused by the 
pear thrips, the writer found several cherries infested with small 
white hymenopterous larve. The full-grown larve were about five- 
sixteenths of an inch long and apparently did most of the feeding 
inside of the kernel, or in the flesh immediately adjoining the kernel. 
Although the cherry crop was light the injury was quite general, and 
further search on April 25 showed the little larve in greater or less 
numbers in most of the cherry orchards of the Suisun Valley. A 
large series of counts made of the fruit in Mr. Barnes’s orchard 
showed approximately 80 per cent of the fruit to have been injured 
by these larvee. 

At this latter date, April 25, most of the larve were full grown. 
Some had evidently finished feeding and had left the fruit. How- 
ever, careful search in the ground under the trees failed to show the 
presence of any larve or pupe. A large quantity of infested fruit 
(See Pl. IX, figs. 1, 2) was taken to the laboratory for further study 
and life-history observations. 


SEASONAL HISTORY AND HABITS. 


All of the larvee in the rearing cages had left the fruit and had 
gone into the soil in the bottom of the cages by May 5, 1909. None 
of them pupated among the sticks and trash which had been placed 
in the cages on top of the soil. The cages were sunk in the ground 
to approach as nearly as possible the normal out-of-doors conditions. 
Unfortunately all of these larvee were killed by drainage water from 
a near-by sink seeping into the cage during the absence of the writer. 

In June, 1912, the writer received from Mr. P. J. O’Gara, Medford, 
Oreg., a consignment of cherries showing the characteristic injury 
caused by this species. Mr. O’Gara stated that he had observed 
the larvee in a few orchards in one locality in Jackson County, Oreg., 
and that this insect also attacked prunes. 

So far as the writer has learned this is the only occurrence of the 
cherry fruit sawfly outside of the State of California. 


THE ADULT. 


Close watch was kept in the spring of 1910 for the first appearance 
of adults in the field. Mr. R. W. Braucher, who was detailed to 
look after the demonstration spraying for pear thrips in that locality 
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for the Bureau of Entomology, kept a close watch for the first appear- 
ance of the adults of this species. On March 10, 1910, he found three 
female sawflies (see fig. 23, d) in cages nlaxtted under trees in the 
orchard and used for the emergence records of the pear thrips. 
Four more adults were caught in the cages on March 12, and two 
dead ones were found outside of the cages. These had evidently 
‘been killed by the spraying for thrips the previous morning. The 
first males were found March 16 and after this date both sexes were 
quite numerous for some two weeks or more. The Black Tartarian 
cherries were just beginning to bloom at this time. 

The writer spent considerable time in the Suisun section at this 
period, making a further study of the life history and habits of the 


Fic. 23.—Stages and work of the cherry fruit sawfly (Hoplocampa cookei): a, Egg; b, position of egg in 
cherry blossom; c, larva; d, adult sawfly; e, saw of ovipositor; f, serrations on ovipositor; g, sheath of 
saw; h, head of adult sawfly; i, infested cherries. (Original.) 


insect. By March 20 adults of both sexes were plentiful, but the 
females far outnumbered the males. As many as 40 individuals 
were observed in one tree, two-thirds to three-fourths of which were 
females. The adults were very sluggish in the early mornings and 
could be picked up with little or no difficulty. Toward noon, as the 
atmosphere grew warmer, they became more active, but even then 
many individuals could be caught in the trees. The adults may be 
found resting on the leaves, leaf stems, blossoms, both outside and 
inside, and on the twigs. A few were observed feeding on the nectar 
of the more advanced flowers. In confinement the adults fed quite 
freely upon sirup and water. 


So 
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Egg laying had begun only sparingly on March 21, but by the 
afternoon of March 23 many eggs could be found. A thorough 
search in three different orchards failed to show any larve. Ovipo- 
sition was at its height about March 23 to 30, and was practically 
over by April 5, the adults having mostly disappeared by this time. 
The females seem to die off in advance of the males, showing about 
the same comparative difference as was the case at the beginning of 
the emergence. On April 3 and 4 as high as eight males to one 
female were noted. On April 6, two orchards were closely examined, 
and while many males were in evidence not one female could be 
found. 


THE EGG. 


Egg laying began in 1910 about March 16, just as the Black 
Tartarian cherries were beginning to open first blossoms. The females 
oviposit quite freely in the orchards, always on blossoms just about 
ready to spread the petals. (See Pl. X, fig. 1.) The greater number 
of eggs are deposited in the sepals of the flower, although some are 
- deposited in the upper portion of the calyx cup, but only in rare cases 
are any eggs deposited below the middle of the calyx cup. The female 
inserts her ovipositor in the tissue, usually from the outside, making, 
for the size of the insect, a rather large, deep incision and placing the 
egg in the opening just made. The egg is usually placed at such 
depth that it can be seen from the opposite side of the sepal. 

The egg (fig. 23, a) is 0.6 mm. long by 0.3 mm. wide, whitish, 
shghtly shiny, and een kidney-shaped. 

Incubation.—Of a total of 35 eggs deposited bagten 8 a.m. March 
21 and 8 a.m. March 22, 27 had hatched by 8 a. m. March 25, the others 
hatching during the Po Another batch of four eggs, deposited 
March 25, hatched March 30. There were three other observations 
in which the eggs hatched in five days after oviposition. Mr. Braucher 
reports another instance of eggs that were deposited on March 28 
hatching in the afternoon of March 31. Thesummary of these records 
-together with many field observations shows the length of time re- 
quired for incubation to vary from three to six days, averaging from 
four to five days. This time is influenced by temperature conditions, 
as eggs kept indoors required from 18 to 36 hours longer than eggs 
kept outside. The time of hatching coincides very closely with the 
falling of the petals from the blossoms of the variety attacked. 
Usually the eggs are deposited at or just prior to the opening of the 
petals and hatch with the falling of the petals. One very mteresting 

observation was that the adults invariably deposit their eggs at this 
stage of blossom development regardless of the variety. In one 
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FiG. 1.—CHERRIES INJURED BY THE CHERRY FRUIT SAWFLY (HOPLOCAMPA COOKE)I). 
TWICE NATURAL SIZE. (ORIGINAL.) 


Fia. 2.—ENTRANCE AND EXIT HOLES OF THE CHERRY FRUIT SAWFLY. NATURAL SIZE 
OR TWICE NATURAL SIZE. (ORIGINAL.) 


WORK OF CHERRY FRUIT SAWFLY LARVA IN IMMATURE CHERRIES. 


Bul.116, Part III, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE X. 


FiG. 1.—CHERRY BLOSSOM CLUSTERS AT STAGE OF DEVELOPMENT WHEN MostT OF 
THE EGGS OF THE CHERRY FRUIT SAWFLY ARE BEING DEPOSITED. ABOUT TWICE 
NATURAL SIZE. (ORIGINAL.) 


Fic. 2.—LARVA AND COCOONS OF THE CHERRY FRUIT SAWFLY. ABOUT FOUR TIMES 
NATURAL SIZE. (ORIGINAL.) 
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orchard under observation there were early and late blooming cherries 
in alternating rows. Eggs of this insect were numerous and. a few 
_ larve present before the adults apparently noticed the later-blooming 
varieties. Afterwards, when the petals of the Royal Anne cherry 
were beginning to open, eggs were just being deposited in numbers in 
this variety while the Black Tartarians immediately adjoming these 
trees had shed the petals and the larve had mostly hatched and only 
very rarely could an egg be found. The time required for incubation 
of the egg is practically the same in all varieties of fruits. Ordinarily 
only one egg is deposited in a single flower. ‘Occasionally, however, 
two and very rarely three eggs were found in the sepals and calyx of 
one flower. 


THE LARVA. 


Upon hatching the young larva may feed for a short time in the 
tissue immediately surrounding the egg cavity, or on the inner sur- 
face of the calyx cup, but it soon finds its way to the bottom of the | 
calyx cup and eats directly into the newly formed cherry. The larva 
at this time almost always enters the fruit through the base imme- 
diately adjoining or very near the stem. Going directly to the center 
of the cherry, the larva eats away the small kernel. The cherry thus 
injured soon withers. In two to four days after entrance the larva 
makes its first molt and leaves this cherry in search of other and fresh 
food. When attacking the second cherry the larva may enter the 
fruit through almost any place on the surface but invariably goes 
directly to the seed, and if this has not hardened eats out the kernel, 
as was done with the first fruit, seeming to prefer this to the meat of 
the cherry. The second cherry, being larger when attacked, usually 
withstands the effects of feeding longer and the larva may remain inside 
for some six to ten days or even longer. The growth of the cherry is 
checked and it frequently hangs on the tree retaming a rather pale 
green color for some days after growth ceases and the fruit has 
shriveled. When the kernel in this second cherry has been destroyed 
the larva usually goes to a third cherry and if the pit has not hardened 
eats it out as before. However, when the pits become too hard the 
larva feeds on the meat of the cherry near the pit until it attains full 
growth in much the same manner as does the plum curculio in peaches. 
In Plate IX are shown photographs of the injured fruit and the 
entrance and exit holes of the larve. 

Each larva usually destroys three cherries, although some go to the 
fourth, while a very few complete their growth in the second cherry. 
The time required for the larve to attain their full growth averages 
from 22 to 26 days. In Table I the record is given for 34 individuals. 
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TaBLE I.—Length of larval stage of the cherry fruit sawfly, Suisun, Cal., 1910. 


Date. Observation. 


Mar. 25..| 34 larvee hatched in cherry blossoms in cage. 

Mar. 27..| Supply of fresh food given (branches of young fruit from cherry tree). 

Mar. 30..| 24 larvee had entered second cherry. 

Apr.1...| 6 more larve had entered second cherry. 

Apr. 6...| Fresh food put into cage. 

Apr. 8...| 16 larvee found in third cherry; 6 larvee still in second cherry. 

Apr.12..| Fresh food put into cage. 

Apr. 16..| 3 full-grown larvee left fruit. 

Apr.17..} 2 full-grown larve left fruit. 

Apr.18..| 5 full-grown larvee left fruit. 

Apr.19.. Do. 

Apr. 20..| 3 full-grown larvee left fruit and 5 full-grown larve found in trash at bottom of cage. All the 
larvee had left fruit at this date. 


When full grown (see fig. 23, c) the larva leaves the fruit and 
works its way into the ground, where it constructs a small parchment- 
like cocoon. The cocoon will be found from 3 to 7 inches below the 
surface, the depth 
varying some- 
what with the 
texture of the soil. 
It is elliptical or 
oval in shape and 
from one-fourth 
to three-eighths 
of an inch long. 
Inside the cocoon 
is smooth, dark 


a papery texture; 
and somewhat 
brittle, especially 
in dry soil, so that 
it is easily broken. 
The outer surface of the cocoon is covered with fine particles of soil, 
giving it the appearance of a small clod of dirt. In Plate X, figure 2, 
are shown full-grown larvee and cocoons, some of the latter being torn 
partly open. 7 

The larva remains as such in the cocoon until the following winter. 
Some time after the winter rains begin it transforms to pupa and 
emerges the following March as adult. 

The pupa has not been observed. There is only one brood each 
year. 


Fig. 24.— Microbracon sp., a hymenopterous parasite of the cherry fruit saw- 
fly (Hoplocampa cookei). (Original.) 


NATURAL ENEMIES. 


Two parasites, an ichneumon and a raicrobracon (see fig. 24), were 
obtained from the material collected by Mr. Braucher. 

Several large collections of infested fruit were brought to the 
laboratory for possible parasites, but none was obtained from this 


brown in color, of 
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material. It is possible that this species is rather heavily para- 
sitized at times. The insect has been known in the Suisun Valley 
since 1905, but caused comparatively little injury from that time 
until the serious outbreak of 1909. As no spraying had been done 
in the infested orchards that would be of any value as a control to 
‘this particular species it would seem that the parasites, together with 
more thorough cultivation, have served to keep it fairly well in check. 
The insect was less numerous in 1910 than in 1909 and the same was 
true of the years 1911 and 1912. 


EXPERIMENTS IN CONTROL. 


Experiments in spraying with arsenate of lead were made in 1910, 
but in this instance the poison did not prove to be altogether effec- 
tive. Some larve were killed, but not enough to warrant the recom- 
mendation of this as a satisfactory treatment in case of a serious out- 
break of the insect. Further work along this line is desirable. Mr. _ 
O’Gara, in a letter, reports satisfactory results from the use of arse- 
nate of lead in the Rogue River Valley of Oregon. 

Many adults were killed in the early mornings while spraying with 
3 per cent distillate-oil emulsion to which sulphate of nicotine had 
been added at the-rate of 1 part to 2,000 parts of water. This 
method would most likely be a very effective means of control if all 
the spraying could be done in the early morning. At this time the 
adults are very sluggish and can be easily wet with the spray. 

Perhaps a more likely means of holding this sawfly in check is by 
careful cultivation. The most serious hindrance to this plan of 
treatment in cherry orchards is that the roots of the cherry tree close 
to the trunk are near the surface, and some larve go below the top of 
these roots. However, it is highly advisable to cultivate the land 
thoroughly two or three times just prior to the first picking of the 
Black Tartarian cherries, as most of the larve are leaving the trees 
at this time and numbers of them would probably be killed. 


DDITIONAL COPIES of this publication 
may be procured from the SUPERINTEND- 
ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 5 cents per copy. 
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PAPERS ON DECIDUOUS FRUIT INSECTS AND INSECTICIDES. 


LIME-SULPHUR AS A STOMACH FOISON FOR INSECTS. 


By E. W. Scort and E. H. Sreeier, 
Entomological Assistants, Deciduous Fruit Insect Investigations. 


INTRODUCTION. 


During the season of 1912 the branch of Deciduous Fruit Insect 
Investigations of the Bureau of Entomology, at its laboratory at 
Benton Harbor, Mich., conducted a series of feeding experiments to 
test the killing effect of various poisons on different species of insects. 
In the course of the work it was soon noted that lime-sulphur, when 
combined with certain slow-acting arsenicals and doubtful stomach 
poisons, increased their insecticidal value. This clue was followed 
up and a considerable series of feeding tests was made during the 
succeeding months. These experiments indicate that lime-sulphur 
spray alone, at the strength used in spraying orchards in foliage, 
has a decided insecticidal action as a stomach poison. It will be 
remembered that lime-sulphur as an insecticide has been heretofore 
considered solely as a contact spray. In this paper are given the 
results obtained from the use of lime-sulphur and arsenate of lead, 
separately and in combination. 


CONDITIONS OF THE EXPERIMENTS. 


The fall webworm (Hyphantria cunea Drury) (see Plate XT) was 
used for most of the feeding tests, since this insect was readily obtained 
in large numbers. Furthermore, it was easily handled, was rather 
resistant to poisons, and on the whole proved an ideal species for the 
work at hand. Thestock supply was collected in the field and brought 
- to the laboratory where the tests were made. Only the very young 
larvee, usually three or four days old, were used, and whenever pos- 
sible those from the same nest were used for the same experiment. 
When two or more nests of larve were necessary for use in a given 
experiment, care was taken to use those of as nearly the same age 
as possible. 

The wild black cherry (Prunus serotina) was found to be a favorite 
food plant of the fall webworm in Michigan. In addition, the foliage 
stood up well when the branches were placed in water, and, further, 
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was rather resistant against the burning effect of the spray materials. 
Twigs bearing from 20 to 30 leaves were employed. 

The spray was applied to the foliage by means of a large atomizer 
of the type in which quart jars are used as a container for the liquid. 
The twigs were sprayed until the leaves began to drip, approaching 
as nearly as possible the conditions of field spraying operations. 
Each sprayed twig was then placed in a jelly glass of water, the 
stem extending through a hole punched in the tin cover. (See Plate 
sar es. 1, 2:) 

After the spray had thoroughly dried, allowing from 6 to 12 hours, 
20 insects were placed on the leaves of each twig. A large paper 
bag was then placed over the twig and held to the glass by means of a 
rubber band. (See Plate XI, fig. 1, at right.) 

Observations were usually made every other day; in some cases 
every day. At each examination the bag was removed and the dead 
larvee taken out and counted. When all the insects were dead, or 
had pupated, as the case might be, the amount of foliage consumed 
was measured in square inches. A sheet of celluloid cross-sectioned 
to one one-hundredth of a square inch was utilized for this purpose. 
These measurements were easily taken, where effective poisons 
were used, as the young larve died before very much foliage had 
been consumed. ‘The younger larve ate only one surface of the leaf, 
but as they increased in size the leaves were often skeletonized. 
Owing to this fact it became necessary to differentiate between the 
one and two surface feedings. Therefore, in order to equalize these 
conditions, the measurements of the one surface feeding were divided 
by two. Another difficulty in securmg feeding measurements in the 
case of unsprayed twigs used as checks was encountered when the 
entire leaf, except the midrib and larger veins, was consumed. In 
such instances the outline of the leaf was nearly obliterated, thus 
rendering actual measurements in the ordinary way impossible. 
However, since the leaves of the wild cherry selected for the experi- 
ments were fairly uniform in size, this difficulty was overcome by 
taking the measurement of an average-size leaf and substituting it 
for the leaf the outline of which had been destroyed. This method 
gave approximately accurate results. Careful attention was given 
to the condition of the foliage throughout the experiments so as to 
supply the larve with palatable food at all times. It was seldom 
necessary, however, to renew the foliage, except for the unsprayed 
lots, which were quickly devoured. 

Commercial lime-sulphur testing 33° Baumé was used at strengths 
varying from 1-50 to 6-50.1_ In lots 4 and 5 of Table VI home- 
boiled lime-sulphur testing 30° Baumé was used at the rate of 14-50. 
total of 50 gallons of spray material. For example, lime-sulphur, 14-50, means 14 gallons concentrated 


lime-sulphur solution diluted with water to make 50 gallons of spray material. Arsenate of lead, 2-50, 
means 2 pounds arsenate of lead diluted with water to make 50 gallons of spray material.. 
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Arsenate of lead at strengths varying from 4—50 to 5-50 was used 
in comparison with the lime-sulphur solution. Arsenate of lead and 
 jime-sulphur were also used together at various strengths (Tables 
I and IV). In the case of the arsenate of lead and the lime- 
sulphur most of the feeding was done during the first three or four 
‘days. However, in no instance was there much feeding during the 
first 24 hours, as the larve were more or less unsettled until they 
found a suitable place for their web. This was true on the unsprayed 
as well as the sprayed leaves. 

It will be found in the following pages that the rate of killing is 
fairly uniform in all experiments. Since, however, the tests were 
conducted throughout the season under different climatic conditions, 


slight variations exist. 
RESULTS. 


EXPERIMENT I. 


The results given in Table I are taken from an experiment to obtain 
data on the killing effect on the fall webworm of various chemicals 
combined with lime-sulphur. Lot 1 was the unsprayed check; lot 2 
was sprayed with lime-sulphur alone at the strength of 14-50, and 
lot 3 with lime-sulphur, 13-50, in combination with arsenate of lead, 
2-50. In the course of a few days it was observed that several larvee 
on the lot sprayed with lime-sulphur were dying. The 20 larve of this 
lot were dead at the end of 13 days, as against 7 days required to kill 
all the larvz with the combination of arsenate of lead and lime-sul- 
phur. On the unsprayed lot, at the end of 72 days, 4 larve were 
recorded dead, 12 had pupated, and 4 were missing. 

TasBLE I.—Tests of the killing effect on the fall webworm of lime-sulphur alone and com- 
bined with arsenate of lead. 


{Experiment started July 20, 1912, Benton Harbor, Mich., 20 larve in each lot.] 


Larvee dying in each lot. Larvee dying in each lot. 
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EXPERIMENT II. 


In order to obtain further data on the killing effect of lime-sulphur 
another experiment was started July 30, using different strengths of 
lime-sulphur as given in Table IT. 


TaBLeE II.—Tests of the killing effect of lime-sulphur on the fall webworm. 


{Experiment started July 30, 1912, Benton Harbor, Mich.; 20 larvee in each lot.] 


Larve dying in each lot. Larvee dying in each lot. 
etn Lot | Lot | Lot | Lot | Yt ante Lot | Lot | Lot | Lot | Hot 
Becta (ni 1— — | 3— | 4— Sits I~ | 2— } 3— — a 
examination. —|Check| Lime-|Lime-|Lime- Btsps examination. —|Check|Lime-|Lime-/Lime- an 
(un- | sul- | sul- | sul- (un- | sul- | sul- | sul- 
spray-|phur,|phur,|phur, oa spray-|phur,|/phur,|phur, He 
ed). |13-50. | 38-50. | 6-50. 9-50, ed). |14-50. | 3-50. | 6-50. 9-50, 
MeN OPS EL a enemas a oA P| eA Aug. - Pea a nate ella ees 2 ee oe Pee 
Sete PITS ogra td eee B00 oe ee 
ASS aes a le 1 ESE oe y) ees ee eee eee ee eal omoa\|.. >> 5 
Ane Se ee eee 2 1 1 5 6 QO ew cw le wiceie | Sea eo ae tee ol eee | See ee | 
[ate ee, IIIS |e eee cs oll aie ae Ses Siler am 
PR Bias Se i 1 1 9 eal ea Total num- . 
Re Serer ce Eee 3 4 1 14 ber dead. . 1 20 20 20 20 
Qe ee ane ee 2 ANG Re SER ie te Number days re- 
OB eases ells Sei Peto cl seniors see sat quired to kill....|...... 15 12 9 9 
MRS ete see ee 4 Seer ee Square inches foli- 
1 Ee eee eee | os Dil pam Pesos ya age consumed ...|40.00 | 1.21 | 0.65 | 0.34] 0.83 
LB Maes Ee fa ee 7 ee eal hie See eb Se 


1 Arsenate of lead was used in lot 5 for comparison with the lime-sulphur solution. 


In this experiment 15 days were required by lime-sulphur, 14-50, 
to kill the 20 larve, as against 9 days required by arsenate of lead, 
2-50. Twelve days were required by lime-sulphur, 3-50, while lime- 
sulphur, 6-50, killed the 20 larvee in the same length of time required 
by arsenate of lead, 2-50. The check lot was discontinued at the 
end of 30 days, when 1 larva was recorded dead and 40 square inches 
of foliage consumed. It was found in this test that the number of 
square inches of foliage consumed decreased about one-half as the 
strength of the lime-sulphur was doubled, the largest amount being 
1.21 square inches. The amount consumed on the arsenate-of-lead 
lot was 0.83 of a square inch. 


EXPERIMENT III. 


In Table III are shown the comparative results of a dosage test 
consisting of seven different strengths of lime-sulphur varying from 
4-50 to 6-50, and four different strengths of arsenate of lead varying 
from 4-50 to 5-50. 


PLATE XI. 
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Tasie III.—Tests of the killing effect on thefall webworm of lime-sulphur in comparison 
unrth arsenate of lead. 


[Experiment started August 8, 1912, Benton Harbor, Mich., 20 larve in each lot.] 


Larvee dying in each lot. 


Lot | Lot | Lot | Lot 
Lot | Lot Lot Lot | Lot | Lot Lot et haga. 


ava Lot 1— 11— } 12— 
Date of examination. — | 3— | 4 5— | 6— | 7— | 8 
ay Lime-|Lime-[Lime-|Lime-|Lime-|Lime-|Lime-| A'S*| Arse-Arse- | Arse- 
a l- | sul- | sul--} sul- | sul- | sul- | sul- nate | nate | nate | nate 
spray- |S" of of of 
ed). phur,| phur, phur, phur,| phur,}| phur, phur, lead, | lead, | lead, | lead, 
4-50. | 1-50. |14-50. | 2-50. | 3-50. | 5-50. | 6-50. | 4°50’ | 1-507 | 2-507 | 5-50. 
A ee eee en eee! eerie erm 2 ele 2 8 
ee nents tees ee afew can lence-nloncakalecsese 1 leet 4 11 15 
i Ree Be 3 1 4 5 2 3 6 11 1 10 1 1 
oo. Ste ee a o 8 13 6 6 6 4 11 71s ise el NE eee 0 
ee 2 8 2 Bah dd Zalact 3 9 Nae ele str 
no a ee Shileewec on ae pter Fe Se [OMe ae Povareretste Pe ee || ee a Re 
of. a eae Os Ra aera Sole aoe. | keaae Senne eee te py rae vt | 2a a a eee 
ee LE ESS eee ES 5 Me Oe Meer se PRE eo Moree SO NS te 
BPR Bch ee si ace an Rel eee eae ed ee oe 5 ee Rb Sas Bratt Seka wie [lS cca | «cee eee 
(dis Le MN eines, ec ell Sorc) ee EMa a oe iors a, 3 oil eee call Bee = otc cial Seal | 
Total number dead. 7 20 20 20 20 20 20 20 20 20 20 20 
Number days required to 
LL sae Sede eee 14 10 10 12 10 10 8 14 10 6 6 
Square inches of foliage 
BOMISMICG. 2-555. 26s. 5. 119.00 | 3.92 | 0.36 OP LOL Oe Sia O73: 110,26: | 2-380 loka Osi 0.10 


It will be noted that lime-sulphur, 4-50, killed the 20 larve in 14 
days, the same length of time required by arsenate of lead, 4-50. 
Also lime-sulphur, 1-50, killed the larve in the same length of time 
as arsenate of lead 1-50, the time required being 10 days. However, 
in both instances the arsenate of lead killed more rapidly in the 
beginning than the lime-sulphur. Eight days were required by 
lime-sulphur, 6-50, to kill the 20 larvee as against 6 days required by 
arsenate of lead, 5-50. The amount of feeding varied somewhat in 
this experiment, the largest amount on the sprayed lots being 3.92 
square inches where lime-sulphur, }-50 was used, and the smallest 
amount being 0.10 of a square inch in lot 12 which was sprayed with 
arsenate of lead, 5-50. 


EXPERIMENT I[V.. 


The object of experiment [V was to obtain data on the relation of 
the killing effect of arsenate of lead alone and combined with lime- 
sulphur, and to obtain, if possible, data on the effect the addition of 
one to the other has upon the rapidity of killing. Lime-suiphur 
alone was used at four different strengths, and also was combined at 
the same rates with arsenate of lead, 2-50. The lime-sulphur 
strengths employed were }—50, ?-50, 14-50, and 3-50. Arsenate of 
lead, alone, was tried out at strengths of 4-50, 1-50, 2-50, 3-50, and 
5-50, and also at the same strengths was combined with lime-sulphur, 
14-50. The results are given in Table IV. 
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TasLe 1V.—Tests of the killing effect on the fall webworm of lime-sulphur and arsenate 
of lead, alone and combined. 


[Experiment started Aug. 19, 1912, Benton Harbor, Mich., 20 larve in each lot.] 


Larve dying in each lot. 


| 
Date of examina- | 7 9¢ y_ | Lot 2—| Lot 3— Lot 4—| Lot 5—} Lot 6—| Lot 7—| Lot 8—| Lot 9—|Lot 10— 
tion. Gheek Lime- | Lime- | Lime- | Lime-| Arse-| Arse- | Arse- | Arse- | Arse- 
(un- sul- sul- sul- sul- | nate of | nate of} nate of| nate of! nate of 
sprayed) phur, | phur, { phur, | phur, | lead, | lead, | lead, | lead, | lead, 
Prayed)| “2-50. | 2-50. | 14-50. | 3-50... |* 4-50. | 1-50, | 2°50, | 3-50. |) 5-50; 
Peder 55 ake gee 
Use Lage eames lel Vegi Mle a Ras, ste 3 SccuEeee 3 4 5 12 
WB enka we Detyss alban she 1 2 2 2 2 10 2 13 8 
DS oes Soeur tee olny 2 1 8 9 8 7, 14 Dis ee es 
217 sen MO See ER Sav a er 8 7 10 6 f [2.2 hs lel See eee en 4 ee 
DORE 3 Les oly Gale Rae cee 8 fC ees oer eae at Bi ES ese eee i eel 
STL ee a eee 0 Lie 1 Deal Caeg: 3 a 4 low beeeesleobosee dfaen den isle oes See nae eee 2 
S155) ag hae eee ape Oy bio et AM oy Be Pe ce ar | owbewese|eu cece na [al St hep ees 2 a rr 
Aes ook Oe, Tape ease in eS Re pe Ree ie eet Ae es hit al eS Ay mine Go aoncd Se 
Geos ce Pee red aaa kann oa ard ie tage eens Reem Menon owe 
Sic EES eee Sak cai. oF Sot Ne ee ae ere | a eg Peewcavelb ae. Sle lots atte Cate ee 
WQs co shee sie cen Wares see eee aes Seilnd Hae ee Ne oe ele See ee a orale Sos cee a eee a | 
15% 2 Wee ee Rese B |e wensvec|eses cecafecees ree ty fe eset ocean 
Cols tis aaeacenn Gas Bo pede ee braless holes leases cp ceeetlbseiele sie ee ee 
Total num- 
ber dead. - . 8 20 20 20 20 20 20 20 20 20 
Number days re- 
quiredstiomalls= soa 52352-- 12 12 8 8 10 6 6 6 4 
Square inches of 
oliage consumed.| 72.00 Sao 2. 87 0. 17 0. 49 2. 44 0. 36 0. 57 0. 24 0. 02 
Larvee dying in each lot. 
tat 11— | Lot 12— Lot 13— bee 14— yet 15— | Lot 16— fat 17— er 18— 
pan i ime- Lime- ime- ime- rsenate | Arsenate | Arsenate | Arsenate 
Date of examination. | s)phur, | sulphur, | sulphur, | sulphur, | oflead, | oflead, | of lead, oflead, 
14-50; 1-50; 13-50; 14-56; 2-50; 2-50; 2-50; 2-50; 
arsenate | arsenate | arsenate | arsenate |-_lime- lime- lime- lime- 
oflead, | oflead, | oflead, | oflead, | sulphur, | sulphur, | sulphur, | sulphur, 
+50. 1-50. 2-50. 5-50. 4-50. 3-50 13-50. 3-50. 
FAGI ER Qe. eesee acta Mane ee ele eee eae 3 10 9 5 1 6 
Dae eT RyT ETE ie 2 14 9 10 9 11 6 9 
Drei tn ae ce 8 4 Vleet. Beh 2 4 118} i 
DEE ETE ING 6 2 A jeseee ee -Soleks es eae Bleek oa seal pees ne ee 
A sa er Py pons A root conloouck eed Peep oaths alee gael eee eee |e ee | 
Sys 58 AE ha DENS Se7 A SRI ae oS de ee a Ie a, 9 ee 
Septe 7 Ze. ssc ne sls ees See Meelis Se oh eee ee Ee sya Rs oe |S oe eel | re oe |e 
Bien Fee Leh Se 2 ef SSM SS. ee SIRE CEL BR ee ee ren ae a ee ee ee | 
Geo itech eee ees. EE ee Sc oe Pe ek 2 ee ee 
Bee sad Se Sate low eee ae eevee alia ee Sem ere ee ca, Te a cee ae | 
Le ie ic tre scutac eee Sec Be Ng I i Pe | eh a | 
| aR NE jee ene ties ervey EE eo tail ieee, 2 (ESOS Be oe (on apew eb|aece bolts e eee 
Cie nah: 5 Seamaemee se Oe locas acces space Soke SL Le re) eh et Oe a SO 
Total number | 
déades2 [Fh 20 20 20 20 20 20 20 20 
Number days re- 
quired to kill....... 10 8 8 4 6 6 6 6 
Square inches of foli- 
age consumed...... 0. 52 0. 02 0. 28 0. 07 0. 30 0. 19 0. 06 0. 22 


None of the larvee 


strength. 


on the unsprayed lot died until September 15, 
27 days after the experiment was started. On October 3 the records 
of this lot showed 8 dead, 6 pupated, and 6 missing. Lime-sulphur 
alone, 1-50, and likewise 3-50, killed all the larvee in 12 days, while 
the time required by strengths of 14-50 and 3-50 was 8 days in each 
case, the rapidity of killing being somewhat greater with the latter 


Arsenate of lead alone, 4-50, killed the 20 larve in 10 days, 


or 2 days more than was required by lime-sulphur, 13-50. Arsenate 


i 
se 
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of lead, 1-50, 2-50, and 3-50, each killed the larvee 2 days sooner than 
that required by lime-sulphur, 14-50. Lime-sulphur, 13-50, when 
added to the various strengths of arsenate of lead did not appreciably 
affect the rate of killing of the arsenate of lead. The amount of feed- 
ing was reduced in all cases, excepting that of the strongest solution, 
lot 14, by the addition of lime-sulphur. 

On the lots sprayed with lime-sulphur, }-50, ?-50, 14-50, and 3-50, 
combined with arsenate of lead, 2-50, there was no difference in the 
length of time required to kill the larve, 6 days being required in all 
cases. The same number of days was required by arsenate of lead 
alone, 2-50, but the rapidity of killing was somewhat increased by the 
addition of lime-sulphur. 

EXPERIMENT V. 


In an experiment to obtain data on the sticking qualities of various 
sprays, three lots of the regular orchard demonstration strength of 
lime-sulphur, 14-50, were used. The three lots were thoroughly 
sprayed and allowed to dry. One lot was then washed for 15 minutes 
under a shower bath, by placing the twig just above the floor in an 
inclined position, allowing the water to fall upon it. Another lot was 
washed 30 minutes in the same manner, while the third lot remained 
unwashed. 

The same procedure was carried out on three lots of arsenate of 
lead, 2-50. After the twigs were again thoroughly dry 20 larve were 
placed on each. The results of this experiment are to be found in 


Table V. 


TaBLe V.—Tests of the killing effect of lime-sulphur in comparison with arsenate of lead 
after washing of each. 


{Experiment started August 4, 1912, Benton Harbor, Mich., 20 larve in each lot.] 


Larve dying in each lot. 


Lot 2— | Lot 3— | Lot4— | Lot 5— | Lot 6— | Lot 7— 
Date of examination. Lot 1— Lime- Lime- Lime- | Arsenate} Arsenate | Arsenate 
Check | sulphur, | sulphur,}sulphur,| oflead, | oflead, | of lead, 
4 14-50; 14-50; 2-50; 2-50; 2-50; 
sprayed).| not  /washed 15)washed 30) not washed 15|washed 30 
washed. | minutes. | minutes. | washed. | minutes. | minutes. 


EE Eee eee eee ce eee ee CeCe ee he ee Oe See 
ne Pee, tee Fe els oe ee ow db oak eae eden celw ret luadeeruaans 7 ma eee S22, 
SO EE ee sg 1 12 Ree ee 
ee eg te cin ow |noe manu «oe 2 2 AS? SF Seve ee 5 1 
a ee) 12 9 i ee 9 2 
as 1 4 7 AD oa seh ch dete | Sta alte sdf 7 
= CS Se ee ee eee || ae ube ees fos Seo ets one 4 
EE ee ere te te cee «a cate a Sates m ose |oars ue dw wpb blacw pe chelence coe coe 4 
a eRe Se od bt | ee Cee Dee ee ee Mee ee ee (Rees ee 
8 See bel Se Pe Si pate be ah = NOL lad inn ebbao tee ok « wr hbase ddd ce heel tk. .. 
o 4 eS a ee ys ike palettes ky tel te o Sah. <' eabte ARSE Oe & SKA Able Soaks das 13.cb w Eiken. 
Total number of dead.... 7 20 20 20 20 20 118 
Number of days required to kill.|.......... 13 15 13 7 ll 17 
Square inches of foliage con- 
sumed 


be tied ohvccnssdune bbde at 111.00 0, 82 1, 56 0. 84 0, 38 1.79 5. 00 


1 2 escaped. 
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The washing made practically no difference in the killing effect of 
the lime-sulphur spray, the time of killing varying from 13 to 15 days, 
and the amount of foliage consumed varying from 0.82 to 1.56 square 
inches. In the case of arsenate of lead, however, the killing effect was 
considerably retarded. The length of time required to kill all the 
larvee when the foliage was unwashed was 7 days; when washed 15 
minutes, 11 days; when washed 30 minutes, 17 days. The amount 
of feeding was 0.38, 1.79, and 5 square inches, respectively. 


EXPERIMENT VI. 


To compare the killing effect of commercial lime-sulphur and home- 
boiled lime-sulphur, an experiment was conducted in which two lots 
of each kind were used at the strength of 14-50. The commercial 
products tested 33° Baumé and the home-boiled 30° Baumé. The 
results are shown in Table VI. 


TaBLE VI.— Tests of the killing effect on the fall webworm of lime-sulphur, commercial 
and home-boiled. 


[Experiment started Aug. 27, 1912, Benton Harbor, Mich., 20 larvee in each lot.] 


Larve dying in each lot. 
Ce is Lot 2 Lot 3 Lot 4 Lot 5 © 

Date of examination. (20 Pt ye (20 larvee)— | (20 larvee)— | (20 larvee)— | (20 larvee)— 
Ghee (un- Commercial | Commercial | Home-boiled | Home-boiled 

gees lime-sulphur, lime-sulphur, lime-sulphur,| lime-sulphur, 

sprayed). Pi abs Ls 

ATO OOS. ce ae Sete eo Lk ets ead Oe oS | eee a | a ee a 1: Lee 
Senthil... ent oc ara tov ba eel irelwie te 6 4 3 5 
Bes ae ieee eR A ese ae at NS 7 9 7 6 
6: apse. Ulan. tech eR: aed me he 7 6 6 9 

0S Raa a paige JOO CA Speed ct PE atl oe a RU oo” 1 Silo. ees ee 

SI Male hae apne Wet Mea eid, Sih Ty. S22 Oe ee | 
OCIS MS eee See ee eee Boab ee sce ace nha] ede Ss os Roe ae eo Bee eee 
Total number dead ..._... 6 20 20 20 20 
Number of days required to kill |........ -._ | 9 | 12 12 9 
Square inches of foliage consumed. 116.00 | 1.19 | 1. 28 3.05 4.38 

| | 


It was found that the commercial and the home-boiled lime-sulphur 
killed all the larve in the same average length of time. However, the 
rapidity of killing was slightly greater, and the amount of foliage 
consumed less, where the commercial material was used, due probably 
to the fact that the commercial solution was somewhat stronger, which 
the Baumé tests would indicate. 


EXPERIMENT VII. 


Lime-sulphur, 14-50, was tried out on a limited number of pear- 
slug larve (Hriocampoides cerasi L.), since only a few were available 
for this test. As in all the experiments, the insects were not placed 
upon the leaves until the spray had thoroughly dried. The results 
are shown in Table VII. 
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TaBLE VII.—Tests of the killing effect of ae cine on the pear slug (Eriocampoides 
cerast L.). 


{Experiment started Aug. 24, 1912, Benton Harbor, Mich., 6 larve in each lot.] 


Larvee dying in each lot. 


Date of pee sation. Lot 2 (6 | Lot 3 (6 


Lot 1 (6 
larvee)—Check | larvee)—Lime- | larvee)—Lime- 
(unsprayed). | sulphur, 13-50. | sulphur, 14-50. 


PR ee ee een, Uo ORE « ole deere en nee Bile 
1 och at ic a a A 2 4 
si oo Oe Oe Se eer 1 2 
PORE eae. AS) 4 .e see ade. fe bee RR de 
Pp ree SS BS Peale oe Gok ee ae 
Total number dead... 0 6 6 
Number of days required to 
aM ee PL ee [hw ooh nes kclng oh 3 3 
Square inches of foliage 
Consumed = 22 te. 1. 69 0. 08 0.05 


Three days were required to kill all the larve on the sprayed lots. 
At the end of five days, when the experiment was closed, the larve 
on the unsprayed lot were apparently in a normal condition. 


MISCELLANEOUS TESTS. 


Preparations were made to conduct a number of feeding experi- 
ments on the killing effect of lime-sulphur on the second brood of 
codling-moth larve (Carpocapsa pomonella L.). But since a suffi- 
cient number of larve was not obtainable, owing to the small size of 
this brood appearing in Michigan, no satisfactory tests could be 
made. Neither were there any tests with lime-sulphur alone made 
against this insect in the field. However, in the case of a plat of 
Ben Davis apples, sprayed three times with lime-sulphur, 1-50, and 
10 per cent kerosene emulsion, no arsenical being used, the total 
percentage of windfalls and picked fruit free from the codling moth 
was 90.18, as against 41.31 per cent of fruit free from this insect on 
the unsprayed plat. Lime-sulphur, 1-50, and fish-oil soap, 7 pounds 
to 50, without an arsenical, in the same orchard held the codling 
moth to 88.19 per cent of sound fruit. The effectiveness of lime- 
sulphur alone in controlling the codling moth and numerous other 
insects will be further tested during the season of 1913. 

A few laboratory tests were made of the killing effect of Bordeaux 
mixture, 3—4—50, on the fall webworm and about as effective results 
were obtained as from lime-sulphur solutions. 

Self-boiled lime-sulphur, 8-8-50, the preparation used for spraying 
peaches in foliage, was tried against the fall webworm without any 
killing effect. Sulphur alone, 8-50, and lime alone, 8-50, likewise 
were ineffective. 
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CONCLUSIONS. 


The foregoing tests of lime-sulphur wash against the larve of the 
fall webworm show that this preparation has decided value as a 
stomach poison. It is considered extremely probable that cater- 
pulars of many species of insects, and perhaps mandibulate insects 
in general, will be similarly susceptible. As shown by the data given, 
lime-sulphur, 14-50, while slower in killing effect than arsenate of 
lead, 2-50, nevertheless compares favorably with this strength of 
arsenical. A comparison, however, of leaf-areas eaten by larve 
subjected to lime-sulphur and arsenate of lead, respectively, shows 
that the lime-sulphur, especially at increased strengths, compares — 
quite favorably with the arsenical in reducing feeding by the cater- 
pillars. 

This action of lime-sulphur as a stomach poison probably accounts 
for the reported practical control of the codling moth in orchards 
treated with lime-sulphur alone, and furnishes an additional reason 
for its employment as a fungicide. ia 

Experiments in progress by the Bureau of Entomology during the 
past two years warrant the statement that entirely satisfactory 
results in controlling the codling moth in orchards may be obtained 
with lime-sulphur wash combined with reduced strengths of arsenate 
of lead. 7 
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THE FRUIT-TREE LEAF-ROLLER. 
(Archips argyrospila Walk.) 


By Joun B. Gr, 
Entomological Assistant. 


INTRODUCTION. 


Until quite recently the fruit-tree leaf-roller (Archips argyrospila 
Walk.) has been looked upon as an insect of only minor importance 
to cultivated crops. During the past few years, however, it has 
become unusually abundant and has caused considerable loss to fruit 
growers in certain sections, notably in Colorado and New Mexico and 
in New York State. The most serious outbreaks have appeared in 
Colorado in Fremont, Pueblo, and Montezuma Counties, and in New 
Mexico in San Juan and Rio Arriba Counties. The investigations, 
detailed in this paper, have been confined for the most part to the 
infestations at Canon City, Colo., and Espanola, N. Mex. In the 
former place the damage has been large, as the insect has appeared in 
serious numbers in about 1,500 acres of bearing orchards in what is 
locally known as the Lincoln Park section, and it is also spreading 
rapidly into adjacent fruit districts. If not checked the amount of 
loss that will be occasioned by its attacks in the future will probably 
be much greater than in the past. At Espanola, N. Mex., a com- 
paratively small fruit belt, the infestation has not been so serious. 
The damage incurred by the leaf-roller has varied from 25 to 90 per 
cent of the entire fruit crop, depending on the measures of control 
adopted, the abundance of the “worms,” and the kind or variety of 
fruit attacked. In unsprayed.orchards the writer has seen the entire 
fruit crop ruined by the larve, and the trees completely defoliated 
so that not a green leaf could be noticed. When trees are so defoli- 
ated it is hardly possible for them to produce fruit buds for the fol- 
lowing season. 

In speaking of the appearance of the fruit-tree leaf-roller in New 
York Prof. G. W. Herrick says: 


In the spring of 1911 the larve of this insect appeared in enormous numbers in the 
orchard of Mr. W. O. Page at Bethany Center, N. Y., and to a considerable extent in 
neighboring orchards. Moreover, the apple leaf-roller was not confined by any means 
to a small and limited area, but the larvee were found in many orchards of New York 


in varying numbers. 
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A few years ago the Missouri fruit growers suffered considerable 
loss on account of this same leaf-roller. 
Because of the increasing economic importance of this insect the 


Bureau of Entomology started investigations in 1911 at Espanola, 


N. Mex., with which work the writer was charged, under the direc- 
tion of Mr. A. L. Quaintance. During the season of 1911 little was 
accomplished owing to the stress of work along other lines in fruit 
sections that were not troubled with the leaf-roller. On account of 
the seriousness of the outbreak at Canon City, Colo., it was decided 
to maintain a temporary field station at that place during 1912 for 
conducting orchard spraying experiments and life-history studies of 
the msect. The investigations during this time have shown the 
value of certain practical measures for the control of this pest, and 
have resulted in the obtaining of considerable data on its life history. 
The object of the present publication is to give as much information 
as is now available about the leaf-roller and methods for its control. 


The writer wishes especially to thank the orchardists of Colorado 


and New Mexico who have assisted in this work. 
HISTORY. 


The fruit-tree leaf-roller was first described by Walker in 1863 
under the name Retinia argyrospila, from material collected in Geor- 
gia. In 1869 it was first recognized in this country by Robinson as 
doing damage, and was redescribed as a new species, Tortriz furvana. 
The following year (1870) Packard described it as a new species, 
naming it Tortriz v-signatana and giving its distribution as ‘ Maine 
to Georgia and Texas and Missouri,” and its food plants as black 
walnut, maple, cherry, and horse-chestnut. Packard also gave a 
description of its life history and food plants in the Fifth Report of 
the United States Entomological Commission, pages 192, 195, 329, 
425, 530, and 655. In an article in Insect Life, Volume III, page 
19, by Riley and Howard, this species is mentioned as a rose pest. 
Lintner included it in his Eleventh Report of the State Entomologist 
of New York (1896) as one of the 356 species of insects that were 
enemies of the apple. Gillette, in Bulletin No. 26 of the Division of 
Entomology, United States Department of Agriculture (1900), men- 
tions it as a general feeder, and in the Thirteenth Annual Report of 
the Colorado Experiment Station (1900), page 123, it is also men- 
tioned. In Bulletin No. 27 of the Division of Entomology (1901), page 
88, Chittenden refers to it as affecting the rose. Holland, in ‘The 
Moth Book,” page 422, plate 48, fig. 34, discusses this species, and 
it is included in Dyar’s List of North American Lepidoptera, page 
480, with its distribution lmited to California and Colorado. In 
Bulletin No. 38 of the Division of Entomology, page 36, Mr. A. N. 
Caudell gives an account of it as infesting ash in Colorado. Horsfall, 
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in Bulletin No. 9 of the Missouri State Fruit Experiment Station, 
~ page 22 (1903), states that it was very destructive in 1901. In Bul- 
letins Nos. 94, pages 9-11, and 114, page 7, of the Colorado Experi- 
ment Station, Gillette again discusses this species. The most com- 
plete account is by Stedman in Bulletin No. 71, Missouri Agricultural 
Experiment Station. In the last edition (1909) of ‘‘Insects of New 
Jersey,’’ by Smith, it is included and mentioned as a very general 
feeder throughout the State. An article by Herrick appeared in the 
Rural New Yorker, March 2, 1912, page 263, in which it was discussed 
as a ‘‘new pest of the apple in New York.” The same writer, in 
Bulletin 311 of the Cornell University Agricultural Experiment Sta- 
tion, gives a full account of the species, as based on its occurrence 
in New York State. 

The above includes all the important articles on this insect, se 
far as the writer has been able to determine. 


DISTRIBUTION. 


The fruit-tree leaf-roller is generally distributed throughout the 
United States. Stedman, in Bulletin No. 71 of the Missouri Experi- 
ment Station, page 7, states that ‘this insect is found in damaging 
numbers practically all over the United States from Maine to the 
Gulf and westward to the Pacific coast and up as far as Oregon.” 
Packard, in 1870, gave its distribution as “Maine to Oregon and 
Texas and Missouri.’’ Holland gives its range as “Atlantic to 
Pacific.”’ So far as the writer has been able to determine from litera- 
ture on hand, the species has been definitely recorded from New 
York, New Jersey, Georgia, Missouri, Texas, Colorado, and California. 
The writer reports it in New Mexico from Espanola, Santa Fe, and 
Taos. It is also reported from Riverside, N. Mex. In Colorado it 
is recorded from Canon City, Vineland, Avondale, Cortez, Olathe, 
Fort Collins, Brewster, Penrose, and Garden Park. The writer has 
been unable to get a list of specific localities for other States. 

Although widely distributed throughout the United States, it 
ranks as a pest at the present time in only a few localities in Colorado, 
New Mexico, and New York, where conditions seem to have been 
favorable, for some reason or other, for it to appear in enormous 


numbers. 
FOOD PLANTS. 


The insect is a very general feeder and consequently has been 
reported on a large number of plants. It appears at times in injuri- 
ous numbers on apple, pear, plum, cherry, apricot, quince, peach, 
rose, currant, raspberry, and gooseberry. It has also been recorded 
feeding more or less on black walnut, horse-chestnut, soft maple, 
hickory, oak, elm, wild cherry, ash, honey locust, box-elder, sassafras, 
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hazelnut, and osage orange. In addition to the above the writer has 
observed the larve feeding on grape, blackberry, cottonwood, Caro- 
lina poplar, basswood, cedar, lilac, Virginia creeper, snowball, hop- 
vines, and oats, wheat, alfalfa, red clover, onions, peas, beans, 
radishes, and rhubarb that were growing in or adjacent to badly 


infested orchards. This species appears to be able to thrive on the ’ 


foliage of almost any plant. 
CHARACTER OF INJURY. 


As the manner in which the larve attack the various host plants 
differs to a certain degree, it seems advisable to give a rather full dis- 
cussion of the more important injuries, especially those occurring on 
fruit trees. | 

In the spring, just as the buds are bursting, the larve begin to 
gnaw their way out of the eggshells and hard protective covering of 
the egg masses. (Pl. XII, fig. 1.) The young caterpillars at once 
migrate to the developing buds and begin feeding on the unfolding 
leaves. At first they eat small inconspicuous holes in the unfolded 


leaves, and at this time the average orchardist is not aware of their: 


presence. After feeding in this manner for a few days the larve be- 
come quite conspicuous as they begin to spin fine silken threads from 
leaf to leaf. Eventually they fold or roll up a single leaf or a cluster 
of leaves and here they feed for the greater part of the time, though 
occasionally straying out of their concealment to feed in the open. 
(Pl. XIII, fig. 1.) Before the blossoms are fully out, or even before 
the cluster buds have separated, the ‘‘worms’’ can be observed 
webbing them together and feeding voraciously. Very often serious 
injury results before the trees come into blossom. Later in the 
season the webs produced by the larve are often quite conspicuous, 
as is shown in Plate XV. 

As soon as the young fruit has set the larve cease feeding on the 
foliage to a large extent, and now fasten one or more leaves to the 
fruit and within this protection feed greedily, at first eating the skin 
only, but shortly consuming the pulp and the seeds or stone, depend- 


ing on the kind of fruit attacked. (Pl. XIII, fig. 2.) Sometimes © 


young apples are completely devoured except for the stem and a 
portion of the calyx end. Cases have been noticed where the larvee 
have completely gnawed through the stems, thus causing the fruit 
to fall to the ground or remain suspended within the feeding nest. 
Damage done to apples as well as other fruits is usually so severe that 
the fruit can not outgrow the injury, thus causing a large percentage 
of unmerchantable or second-class fruit at picking time. Much fruit 
is also caused to fall prematurely on account of the serious injury 
inflicted on it when young. The writer has seen several orchards 
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STAGES AND WORK OF THE FRUIT-TREE LEAF-ROLLER (ARCHIPS 
ARGYROSPILA). 


FiG. 1.—HATCHED EGG MASSES ON APPLE TWIGS. Fi@. 2.—FULL-GROWN LARVA. FIG. 3.— 
PuPA. Fia. 4.—COCOON IN APPLE LEAF AND Empty PupaL CASE. Fic. 5.—YOUNG 
APPLES INJURED BY LARVA. FIGs. 1, 2, 3, MUCH ENLARGED. (ORIGINAL.) 
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Fig. 1.—APPLE BRANCH, SHOWING WEBBING AND INJURY TO FOLIAGE BY LARVA. 
(ORIGINAL. ) 


Fic. 2.—APPLES INJURED BY LARVA. (ORIGINAL.) 


WORK OF THE FRUIM-TREE (EEAF-ROEEER: 
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PLATE XIV. 
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(ORIGINAL.) 


APPLE ORCHARD AT CANON CITY, COLO., DEFOLIATED BY THE FRUIT-TREE LEAF-ROLLER. 


Bul. 116, Part V, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XV. 


EXCESSIVE WEBBING BY LARVA: OF THE FRUIT-TREE LEAF-ROLLER. (ORIGINAL.) 
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at Canon City, Colo., where the entire apple crop was absolutely 
ruined and where the larve had defoliated the trees so completely 
that not a green leaf could be seen. (PI. XIV.) At Espanola, 
N. Mex., fully 75 per cent of the fruit crop in certain apple orchards 
has been destroyed by these leaf-roller “worms,” which have besides 
caused serious injury to the foliage. Similar conditions have been 
seen at Vineland and Avondale, Colo. 

The injury to pears is quite similar to that of the apple, but not so 
extensive. The writer, in talking with orchardists at Espanola, 
N. Mex., in reference to the amount of injury to pears that had been 
sprayed twice with arsenate of lead, was informed that one-fourth 
to one-half of the crop was damaged to such an extent that it could 
not be packed. Even a very slight feeding on the pear when young 
often results in an il-formed specimen when mature. Pear trees 
are not usually defoliated by the leaf-roller, even if not sprayed. 
The writer has, however, observed a few instances where they were 
completely defoliated in a very badly infested district. : 

In case of stone fruits, such as plum, apricot, and cherry, much of 
the pulp, as well as occasionally a part of the stone, is eaten, except 
with the cherry, which seems to escape injury to the seed. Cherry 
and plum trees are sometimes entirely defoliated. According to 
reports from Riverside, N. Mex., during 1909 and 1910 the entire 
peach crop was destroyed by this pest. During the past two seasons 
the writer has failed to find a single instance where a peach orchard 
has been injured very much. The nature of the injury to the peach 
is a slight feeding on the surface, and the larve seem never to have 
eaten into the pulp as far as the stone. 

The injury on small fruits, such as raspberries, currants, goose- 
berries, etc., is often quite serious, as the larvee not only feed on the 
foliage but also eat into the fruits. The larvee occasionally feed on 
the foliage of the grape. Of the shade and forest trees that are 
attacked the worst injury usually results on the elm, on which the 
leaves are often badly eaten. The damage noticed on truck crops, oats, 
wheat, alfalfa, and red clover has been a slight feeding on the leaves. 
‘The larvee, however, on one occasion were noticed eating their way 
into the tops of onion plants that were growing between rows of 
apple trees that had been defoliated by this species. Another case 
at the same place was noticed where a small cedar tree was nearly 
stripped of its leaves by these larve, and the tree was covered by 
webs. Roses are seriously injured at times, as the larve not only 
feed on the foliage but gnaw into the flower buds and prevent their 
proper development. 

67331°—Bull. 116—13——2 
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DESCRIPTION OF STAGE Ss. 
THE ADULT. 


This leaf-roller was first characterized and named in 1863 by 
Walker in the Catalogue of the British Museum, volume 28, page 
373, as Retunia argyrospila. The original description is as follows: 

Female. Reddish, cinereous beneath. Head ochraceous; palpi porrect, broad, 
extending very little beyond the head; third joint extremely short. Abdomen 
cinereous, extending a little beyond the hind wings. Forewings rectangular at the 
tips, with several transverse slightly undulating black streaks; space along the 
interior border and some incomplete irregular bands silvery cinereous; costa straight, 
with three large silvery white marks, exterior border slightly oblique hindward. 
Hind wings brownish cinereous. Length of the body 34 lines; of the wings 10 lines. 

a. Georgia. From Mr. Milne’s collection. 


The moths measure from 17 to 23 mm. across the expanded wings. 
The length of the body varies from 8 to 10 mm. There is a wide 
variation in color. The general color of the forewings varies from a 
light brown to a cinnamon or rusty brown. The markings on the 
forewings also show a variation in size, pattern, and color. Ordinarily 
each forewing has three whitish markings. The hind wings are 
without markings and are of a uniform ashy-gray color. (Pl. XVI, 


fig. 2, at left.) 
THE EGG. 


The eggs are deposited in sightly convex, oval masses or patches 
which vary in color from a light gray to a dark brown. The egg 
masses are covered by a hard protective coating. The size of the 
masses is variable. The average for 20 was found to be 5.1 by 2.6 mm. ~ 
The average number of eggs per mass is about 90. The individual 
ege is quite small and is a little more than twice as long as wide. 
The eggs are packed in the mass very tightly. A longitudinal section 
of an entire egg mass presents a honeycombed arrangement. (PI. 
AAT; he. 1s PL VE fies: d,-30) 


THE LARVA. 


When newly hatched the larva measures about 1.5 mm. in length 
and is pale yellowish green, with the head and thoracic shield dark 
brown or nearly black. At this time the thoracic legs are nearly 
black, while the prolegs are of the same general color as the body. 
As the larva develops the color of the head, thoracic shield, and legs 
gradually changes to a light brown and the body takes on a darker 
shade of green. Before pupating the thoracic shield and legs of the 
larva take on an olive-green tinge, slightly darker than the rest of 
the body, which is now a light green. The larva is sparingly clothed 
with short hairs, which arise from rather inconspicuous tubercles. 
The full-grown larve measure from 16 to 23 mm. in length and from 
2 to 2.2 mm. in greatest width. The average size for 10 larve was 
found to be 20.3 by 2.04 mm. (Pl. XII, fig. 2.) 
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The pupa is rather variable in size. The average dimensions of 
10 pupe were found to be 10.3 by 3.1 mm. The general color of the 
pupa when first formed is an olive green, but later changes to a light 
brown and finally to a dark brown. The entire ventral surface, 
including the head and thoracic regions, is of a dark-brown color and 
the remainder of the pupa is of a much lighter brown. The wing 
sheaths are rather broad, extending about one-half the total length 
of the pupa. Just ventral to the spiracles on each side of the abdo- 
men are two short sete. On each abdominal segment, from the 
third to the last, on the ventral portion is a pronounced chitmous 
serrated ridge. The second abdominal segment has traces of one of 
these ridges. The posterior end of the pupa is supplied with a well- 
developed cremaster. (Pl. XII, fig. 3.) 


LIFE HISTORY AND HABITS. 


The life-history records were obtained at Canon City, Colo., during 
the season of 1912 in an open-air insectary or shelter in which glass 
jars were used as rearing cages. In all cases apple foliage was used 
as food for the larve. 


LARVAL STAGE. 


The hatching of the larve extended over a period of 12 days. The 
earliest larvee hatched April 27 and the latest ones on May 9. As 
soon as the larve hatch from the eggs they gnaw their way through 
the protective covering which the females deposit over the egg masses 
during oviposition. The duration of the larval period showed a 
considerable variation. Thenumber of days spent in the larval stage 
for 203 individuals is shown in the following table: 


TaBLE 1.—Length of larval stage of the fruit-tree leaf-roller, Canon City, Colo., 1912. 


| Number Larve pupating in specified days from time of hatching. | 
of larvee pe UTS 
Date | under ob- pee | PS al 
Fa chil “oehpliin . | : | | Total 
atched. | that trans-| . : a SP eal | ie num- 
formed to 24 | 25 : 26 | 27 | 28 | 29 | 30} 31 | 32 | 33 | 34] 35 ber of 
pupe. | days 
21 . ‘| Be Ree chiccoteaes Re Bey We a yee ee 
0 Oe SR eae A Ea MS Be oe oe ee a 
ea ee Sete BS Db |. hb ee BW | ehake ce paso 
ies gr a aioe | 8 | Wie achs. .|.... OR RR os | 
rg ee OMe Ee Se ee pc p+ Pies Meal”: 3 
2 SR PRE SS Or ol ees 1 Te Ol a Leet a ee 
he ET MOE tone) Retr el a ah RP es a a Rg RYRRE ee 
EST IM PRE TL Wk bebe le eels oxo bi Ale «bb fas oer tnhde 
ok a a a ca a ang 5, FIR Dan ORS Ht ae es 
203 | 6 | 23 | 44 | 30 | 15|29/17/11| 4] 3] 1] 5,696 
3% 


Average time for all individuals, 28.05 days. 
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The time required for the larve to reach maturity was determined 
for 203 individuals, as is shown in Table I. The average time for 
all larvee was found to be 28.05+ days, the maximum being 35 
days and the minimum 24 days. 

The length of the larval period for 1912 was doubtless longer than 
during a normal season. The weather conditions that prevailed 
throughout the spring of 1912 were to some degree exceptional. 
During the larval development from May 4 to 17, inclusive, the 
weather was exceptionally cool, the maximum temperatures for these 
days ranging from 38° to 76° F. ; 

In the rearing cages the larve, when full grown, invariably trans- 
formed into pupe in the Poliedeae leaves upon which they had been 
feeding. In afew cases larvee were seen pupating on the bottom of the 
cages. In the field larve usually change to pupe in the rolled-up 
leaves. In a few instances they have been observed making the 
transformation on the bark of the trees, where no protection was 
afforded the pupe. 


PUPAL STAGE. 


The length of the pupal period for 128 individuals is — in the 
following table: 


TasLE I1.—Length of pupal stage of the fruit-tree leaf-roller, Canon City, Colo., 1912. 


Moths emerging—in specified days | 
Number from date of pupation. / 
of pup 
Date under ob- 
larvee servation 
pupated. |from which otal 
moths 9 | 10) 11 | 12) 13) 14) 15 Hering 
emerged. days 
May 28 6 DLs RAL pie eee hayes al a ae ape etna 
May 29 6 Dye eit Wie el aa ee Cl ee 
May 30 VU 2 Real Outer cay |e v2) || 1s ese | aoe see 
May 31 TOM she GB 585 rt a eee ee 
June 1 5 2 1 Diol Pe rs See Oe Ef eee ee ee 
June 2 (al ee es) a ees Sai ee | 
June 3 HUE ey eas a OATH esa (I He aL Re a | 
June 4 15 2 4 5 2 1 AD She Fee | see aa 
June 5 UO We SSA Al ital ae, 3 2 ipl acne cps t.< 
June 6 HO) We des 7 Vea Sp Dada Uae | 
June 7 ile BPs) oes (ren ee eee Be Sie ty 
June 8 4 Ble PL Ao © ANA Soe ee 
June 9 3 | 25,09 Mall) fc 208), eee et ee sya 
June 10 3 | eae Pll Ai ee ha Ea e's sll ABS SS 
June 13 7 Sil eA ete nil oe 2 eee ene 
| 128 | 8 | 27 | 46 | 28 | 12 5 2 | 1,440 
| ! | 


Average time for all individuals, 11.25 days. 


The earliest larvee to pupate were observed on May 28, and the 
latest ones on June 13. The days spent in the pupal state varied 
from 9 to 15 days, the average for 128 individuals being 11.25 days 
as is shown in Table II. 


Bul. 116, Part V, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XVI. 


STAGES OF THE FRUIT-TREE LEAF-ROLLER. 


Fic. 1.—EGG MASSES ON TRUNK OF APPLE TREE. FIG. 2.—MOTH AND EXTRUDED 
PUPAL CASE. FIG. 3.—UNHATCHED EGG MASSES ON APPLE TWIGS. FIG. 1, MUCH 
REDUCED; Fics. 2, 3, MUCH ENLARGED. (ORIGINAL.) 
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In the orchard the first pupx were observed on June 1 and the maxi- 
~ mum period of pupation was reached from about June 12 to June 20. 
Pup could, however, be found in the field as late as July 10. 

Just before the emergence of the adult the pupa wriggles out of its 
loosely woven cocoon (PI. XII, fig. 4; Pl. XVI, fig. 2, at right) for a 
short distance. The posterior end of the pupa is provided with three 
pairs of hooks, which are known, as the cremaster, and these hooks 
become fastened to silken threads that have been spun by the larva 
on the leaf, so that the pupa is held securely, even if the greater 
part of the body is extended. While the writer was examining rear- 
ing cages on July 3 (8 a.m.), a pupa was noticed wriggling out of its 
pupation quarters. 

The following observations were made: 

8.20 a.m. The pupal skin or shell was cracked in the anterior region. 

8.25 a.m. Moth about half out. 

8.30 a. m. Moth left the pupal shell, the body being still wet and the wings quite 
wrinkled. 

8.35 a.m. Body dry and wings straightened out and folded over back. 

8.43 a.m. Wings have separated and are held roof-like over the back, 

8.55 a. m. Moth crawling about in glass jar quite actively. 

8.58 a. m. Observations ceased; moth was fluttering about the cage. 


Total time consumed in emergence, approximately 10 minutes. 

It will be noted that the time required for this moth to emerge 
after the breaking of the pupal skin was about 10 minutes, and in- 
side of five minutes after emergence its body and wings were dry, 
but the moth did not become active until about 20 minutes had 
elapsed. 

THE ADULT AND EGG STAGES. 


From material under observation the first moth emerged on June 
7 and the latest ones appeared on June 24. The maximum emer- 
gence of moths was on June 14 and 15. In the field the period 
during which the greatest number of moths appeared was from about 
June 22 to July 1. The first moth was noticed in the orchard on 
June 9, and by July 20 practically all moths had disappeared. From 
about June 25 to July 10 most egg masses were being deposited on 
the trees. The following egg-laying records were obtained in rearing 
cages, and these have a direct bearing on the length of life of the 
moths. 

On June 21 at 8 a. m. a male and female that had emerged during 
the previous night were placed in a jar in which was put a small twig, 
so that there would be a suitable place for oviposition. The cage 
was examined on June 22 and both moths were quite active. On 
June 23 at 5 p.m. the male moth was found dead in the bottom of 
the jar, but the female was actively crawling about in the cage. At 
8 a.m. the next day (June 24) a medium-sized egg mass was deposited 
on the twig. The moths were not observed copulating. The eggs 
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had been laid some time during the interval between 5 p. m. on 
June 23 and 8 a.m. on June 24. The female was dead on June 25 
(8 a.m.). The female lived for about four days and the male only 
about two days. Eggs were deposited in two and one-half days. 
On July 1 (8 a. m.) a male moth and a female moth just emerged 
were placed in a jar with an apple twig. Food was furnished the 
pai of moths by supplying them with a piece of absorbent cotton 
which had been saturated in a weak solution of sirup. The. cage 
was examined the next day at 9 o’clock and both moths were quite 
restless. On July 3 at 8 a. m. an egg mass was found on the twig 
and both moths were still active.. The male had died by 9 a. m. on 
July 4 and the female by 8 a. m. on July 5. Copulation was not 


observed. In this case the male lived about three days and the — 


female about four days. The eggs were laid inside of two days after 
emergence of the moths. | 

On July 16 two moths were_-observed mating and at noon were put 
in breeding jar. The cage was again examined on July 17 and the 
moths had ceased copulating and were crawling over the sides of the 
jar. On July 18 at 4 p. m. the cage was again looked over and an 
egg mass was found deposited on the twig. The life of the moths 
could not be determined, as the time of emergence was not known. 
A period of about two days is shown between the time of copulation 
and the time of deposition of the egg mass. 

There are not sufficient data bearing on the length of life of the 
adults to justify any generalization. The writer believes there is 
a wide variation in the longevity of the moths and that the females 
usually outlive the males. It is also reasonable to expect the moths 
to live for a longer period under natural conditions than is the case 
when they are kept in confinement. It is also likely that the females 
do not oviposit out of doors as readily as when confined in rearing 
jars with the males. 

Observations under insectary conditions go to prove that the 
female if left unmolested during oviposition deposits all her eggs 
ina single mass. All ege masses deposited in rearing cages consisted 
of more than 100 eggs, the greatest number from one female being 
140. In the orchard it is not difficult to find rather small egg masses. 
The smallest one observed was composed of 25 eggs. In making 
field observations the writer noticed that the female when oviposit- 
ing would cease the operation very readily if disturbed in any way 
and fly or crawl away. Ovipositing females were observed changing 
position when insects such as ants, ground beetles, and ladybird 
larve or adults came too near them. One species of Coccinellidz 
that is especially predaceous on the green aphis of the apple was 
noticed several times disturbing females in the act of oviposition, 
compelling them to crawl or fly to another place to deposit the 
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remainder of their eggs. This restless habit of the females may 
account for the many small egg masses that are found in the orchard. 
‘The eggs are usually laid at night. Moths have, however, been seen 
laying eggs as early in the evening as 5.30. 


SUMMARY OF LIFE HISTORY. 


The larval stage in the material under observation varied from 
24 to 35 days, the average being 28.05 days; the pupal stage from 9 
to 15 days, the average being 11.25 days; and the adult or moth stage 
from 2 to 3 days for the males and 3 to 4 days for the females. The 
life of the moths is probably longer than this under normal condi- 
tions. Females were depositing eggs between 2 and 3 days after 
emergence. In the field (under Colorado conditions) the period of 
egg laying extended from about the second week in June to the middle 
of July, the maximum being reached from June 25 to July 10. The 
eggs remain on the trees unhatched until the followmg spring. 
Hence this insect has only one generation in the course of a year. 
The hatching of the eggs m the sprig may extend over a period of 
many days, depending on the weather. The time of hatching of 
the eggs will vary greatly with the different seasons and in different 
sections of the country. Generally speaking, it may be stated that 
the eggs will begin hatching about the time the cluster buds of early- 
blooming varieties of apples are beginning to show, but before they 
have fully separated. 


HIBERNATION. 


The fruit-tree leaf-roller passes the winter in the egg stage. The 
eggs are deposited in masses on various parts of the host plants by 
females during June or July. The trunks and larger limbs or branches 
are often just ‘‘peppered”’ with them. A goodly number are also 
to be found on the smaller branches, twigs, and fruit spurs. Egg 
masses are, however, not only laid on fruit trees, but on various 
other plants. The writer has observed them on elm, soft maple, 
box-elder, currant, gooseberry, raspberry, grape, rose, lilac, and 
Virginia creeper. Besides the above plants, the masses have been 
noticed on spray tanks, on sides of buildings, and on fences. On 
account of the indiscriminate deposition of its eggs this insect will 
be found to be more difficult of control. 

Observations have shown that the eggs begin hatching quite early 
in the spring just as the cluster buds on early blooming varieties of 
apples are exposed. About the time that practically all the cluster 
buds have fully separated nearly one-half of the eggs have hatched. 
On late-blooming varieties of apples, such as Rome Beauty, Jeniton, 
etc., the date of appearance of the larve is the same, although the 
buds are not nearly so far advanced. On Rome Beauty and Jeniton 
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trees it was found to be a much harder problem to do as effective 
spraying with arsenicals as on Jonathan, Ben Davis, Maiden Blush, 
and other varieties that developed their buds early. If the fruit and 
leaf buds are not much advanced it is very difficult to get the spray 
mixture where the larve are actually feeding. The period of hatching 
of the eggs may be quite prolonged, depending on climatic conditions. 
During the season of 1912, in the orchards, the eggs were hatching 
from April 20 to May 9, making a period of 19 days. It should, how- 
ever, be noted that weather conditions were exceptionally cool after 
a short warm spell during which the eggs began to hatch. Under more 
favorable conditions all eggs would aan hatch inside of a week 
or ten days. On account of the long hatching period spray against 
the larvee was found to be very difficult. 


NATURAL ENEMIES. 


Several species of birds have been observed feeding upon the larve 
of the fruit-tree leaf-roller. The lst is as follows: The bluebird 
(Sialia sialis), western robin (Planesticus mgratorwis propinquus), 
catbird (Dumetella carolinensis), red-winged blackbird (Agelaius 
pheniceus pheniceus), orchard oriole (/cterus spurius), kingbird 
(Tyrannus tyrannus), phoebe (Sayornis phebe) and English sparrow 
(Passer domesticus). 

The writer has reared a number of parasitic insects from the larvee 
and pupee of the leaf-roller, as follows: Pimpla pedalis (Cress.), Ito- 
plectis conquisitor (Say), Epirus wmdigator (Walsh), and Meteorus 
archipsidis Vier.; the latter is the same species as that reared from 
this host by Mr. R. W. Braucher at Bethany Center, N.Y. The fol- 
lowing Diptera also were reared from this host: Exorista ngripalpis 
Towns., E. pyste Walk., EL. blanda O. S., and E£. chelonre Rond. 

A few insects were found to be predaceous upon the fruit-tree leaf- 
roller. Calosoma scrutator was taken feeding on the larve and 
Notozus monodon Fabr. was collected at two different times feeding 
on the pupe in rolled-up leaves. Formica montanus Emery has also 
been seen attacking the larve and pupe. 

A small mite, which Mr. Nathan Banks considers to be a new spe- 
cies of Erythrzus, was found feeding upon the eggs cf the leaf-roller. 
The mites belonging to this genus are said to be always predaceous, 
and some of them feed on scale insects. 


METHODS OF CONTROL. 


During the winter of 1911-12 and the spring of 1912 many experi- 
ments were made at Espanola, N. Mex., and Canon City, Colo., against 
the fruit-tree leaf-roller. The experimental work will be taken up 
separately according to the locality in which it was conducted. 
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ee ‘EXPERIMENTAL TESTS FOR THE DESTRUCTION OF THE EGGS. 


Many laboratory tests were made for the destruction of the eggs. 
Only egg masses deposited on twigs were used, and these twigs were 
dipped in the various mixtures employed. After treatment the 


masses were kept in separate jars. 


in Table IIT. 


The results of the test are shown 


TaBLE III.—Tests of sprays for the destruction of eggs of the fruit-tree leaf-roller. 


No. 
of Date of 
ex- Material used. applica- 
peri- tion, 1912. 
ment. 
ey Maserbre o1l'(1:12). 2... . Jan. eo 
Pavenmscibe OU (L=15),. oo... se hes 
Sl eesciple OC: 20). 022... do: 
4| Miscible oil (1:10)......... 2 1d0% 
5 | 25 per cent kerosene emul- |...do. 
sion. 
6 | 20 per cent kerosene emul- |...do. 
sion. 
7 | 25 per cent crude petro- |...do. 
Jeum emulsion. 
8 | 20 per cent crude petro- |...do. 
leum emulsion. 
918 per cent distillate-oil |...do. 
emulsion. 
10| 5 per cent distillate-oil |...do. 
emulsion. 
11 wire ae lime-sulphur |...do. 
12 ae lime-sulphur |...do. 
13 oa lime-sulphur |...do. 
14 ea lime-sulphur |..-.do. 
15 oa lime-sulphur |...do. 
Fl) 
16 | Check—untreated (caged) .|...do.... 
17 | Miscible oil (1:12)......... Mar. 5 
, 18 | Miscible oil (1:15).........)... Oe sei 
19.} Miscible,oil (1:18).........|... GON... 
20 | 25 per cent kerosene emul- |. ..do. 
sion. 
21 | 20 per cent kerosene emul- |. ..do. 
sion. 
22 | 25 per cent crude petro- |...do. 
leum emulsion. 
23 | 10 per cent distillate-oil -- AO, 
emulsion. 
24 | Check—untreated (caged) .|...do... . 
25 | Miscible oil (1:12)......... Apr. 14 
26 | Miscible oil (1:15).........]... do. 
Bue wvarireweani--..°-.........|.-- aos... 
28 | Check—untreated (caged) .|...do... - 


Number ot Number 
of egg ae of egg 
masses ane masses 
treated. harched. hatched. 
10 10 0 
10 10 0 
10 HOM oct es 
5 Sah Pacem Seve 
10 9 1 
10 10 0 
5 5 0 
5 4 1 
5 5 0 
5 0 5 
10 0 10 | 
5 0 5 
5 0 5 
5 0 5 
5 0 5 
5 0 5 
ey 15 0 
15 14 1 
15 15 0 
10 10 0 
10 9 1 
9 7 2, 
10 10 0 
10 0 10 
86 84 2 
122 119 3 
25 0 25 
113 0 113 


Remarks. 


3 eggs in mass hatched. ~ 


12 eggs in mass hatched. 


Most all the eggs hatched. 
Practically all eggs hatched. 


All egg masses hatched well. 
Only 1 egg hatched. 


6 eggs in mass hatched. 


7 eggs in 2 masses hatched. 


All eggs hatched well. 

1 egg in each mass hatched. 

7 eggs in 1 mass hatched; about 
one-fourth total eggs in 2 
masses hatched. 

Practically all eggs hatched. 

107 masses hatched well; about 
one-half total eggs hatched in 
6 masses. 


It will be noted that the miscible oil ranging in strength from 1:10 


to 1:20 gave the best results. 


The crude-petroleum kerosene and 


10 per cent distillate-oil emulsions ranked second in effectiveness. 
Commercial lime-sulphur solution was found to be ineffective, as was 


whitewash. 
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SPRAYING EXPERIMENTS FOR THE DESTRUCTION OF THE EGG MASSES. 
EXPERIMENTS AT ESPANOLA, N. MEX. 


The work at Espanola, N. Mex., was conducted in the apple 
orchard of Mr. Henry L. Pollard. The orchard consisted of 14-year- 
old trees in fair condition. For the spraying a barrel outfit was used 
and the pressure maintained ranged from about 75 to 100 pounds. 
The number of trees in each of the plats is shown as follows: Plat I, 
21; Plat II, 22; Plat TIT, 14; Phat TV, 22; Plat-V, 225) Plate yie 
The days upon which the sprays were applied were clear and quite 
cool. The results of the experiments are shown in the following 
table: 


TABLE IV.—Spraying experiments for destruction of egg masses of the fruit-tree leaf-roller, 
Espanola, N. Mex., 1911-12. 


J Total Percentage of egg 
num- Number masses— 
Plat per of | Pe of | “eregs | Of 2B6 
Treatment. egg 88 masses 
No. count masses 5 
trees. | MASSES | hatched Oe Un- 
: ob- ‘| hatched. | Hatched.| hatched. 
served. 
I | Commercial lime-sulphur solution 
at 1 gallon to 8 gallons water 
on December 14, 1911..........- 6 265 263 2 99. 24 0.76 
II | Commercial lime-sulphur solution 
at 1 gallon to 10 gallons water on 
December i411 Ol ee eee eee 6 277 276 it 99. 63 or 
IiL | Miscible oil at 1 gallon to 15 gallons 
water on December 14, 1911..-.- 6 310 21 289 6.77 - 93. 23 
IV | Commercial lime-sulphur solution = 
at 1 gallon to 9 gallons water on 
Hebrumanyiu pelo == ee ree aa 6 285 285 0 100. 00 0 
V | Commercial lime-sulphur solution 
at 1 gallon to 7 gallons water on 
Hebrurany 07, 19222 2 ieee 6 252 251 1 99. 60 .40 
VI | Miscible oil at 1 gallon to 12 gal- 
lons water on February 17, 1912. 6 272 16 256 5. 88, 94.12 
Var WUnsprayed 745. 08s. ete: Bee ee 6 250 250 0 100. 00 0 


As will be noted, the trees sprayed with miscible oil showed good 
results from the spraying. The spraying of Plat III with the oil at 
the rate of 1 gallon to 15 gallons of water prevented 93.23 per cent of 
the eggs from hatching, and Plat VI, upon which the oil was used at 
the rate of 1 gallon to 12 gallons of water, showed a benefit of 94.12 
per cent in favor of, the spraying as compared with the checks. It 
should also be noted that all egg masses on the unsprayed trees 
hatched. The commercial lime-sulphur solutions gave little or no 
beneficial results for the treatment. On Plat IV practically all the 
eggs hatched, and on Plats I, II, and V there was only a benefit 
of 0.76, 0.37, and 0.40 per cent, respectively, from the treatment as 
compared with the check trees, upon which all the eggs hatched. 
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EXPERIMENTS AT CANON CITY, COLO. 


The work at Canon City, Colo., was conducted in the orchards of 
Mr. E. A. Davis and Dr. Allen Bell. In the Davis orchard 14-year- 
old Ben Davis trees were sprayed, and in the Bell orchard the varie- 
ties treated consisted of Ben Davis, Winesap, and Colorado Orange. 
The trees in the Bell orchard were sprayed with miscible oil at the 
strengths of 1 gallon to 12 gallons of water and 1 gallon to 15 gallons 
of water and with 20 per cent kerosene emulsion, but unfortunately 
the material was not at all thoroughly applied, and no conclusions 
as to the efficiency of the sprays can be drawn from the results 
obtained. Duties elsewhere required the absence of the writer from 
Canon City when the applications were made. The trees in the 
- Davis orchard, on the other hand, were thoroughly sprayed with a 
gasoline-power sprayer. The pressure maintained ranged from 150 
to 175 pounds. At the time of the application the buds were just 
bursting and beginning to show the green. The results are shown in 


Table V. 


_Tasie V.—Spraying experiments for destruction of egg masses of the fruit-tree leaf-roller, 
Canon City, Colo., 1912. 


Number of egg | Percentage of egg | 
Total masses— masses— | 
Plat Count | number 
a | Treatment. tree of egg 
Pp No, masses 2 
z Un- Un- 
observed.} Hatched. hatched. | Hatched.) 1 oichea. | 
I | Miscible oil at 1 gallon to 15 gal- 1 184 TAC) 5] |S See || ae 
lons of water on April 16, 1912. | 
2 128 4 [2A yee ee eset we 22 / 
3 116 a7 Zee 2.2 he ete. Ss } 
4 135 6 AZO viele zoe Nees sie ae” 7 32 
i) 176 8 LOS init. ariettes Ae td =o Bs 
6 110 6 AOA en eck itel eae ft 4 
849 33 816 3.88 96.12 
II | Check, umsprayed.....-.-...... 1 155 155 Git [rad seceitals att a0 
2 185 184 eee eee oe ees Se 
3 178 178 Oi [sets tai bee eee ch re 
518 517 1 99. 80 0. 20 


It will be noted that a comparison as to the number of egg masses 
that failed to hatch between the trees on Plat I, sprayed with miscible 
oil at the rate of 1 gallon to 15 gallons of water, and Plat II, which 
was left untreated, shows a benefit of 95.92 per cent in favor of the 
spraying. : 

At Canon City, Colo., no experiments were performed with lime- 
sulphur. The writer had, however, an opportunity to examine sev- 
eral orchards in this section that were sprayed with this material 
against the Howard scale (Aspidiotus howardi Ckll.). The lime- 
sulphur was found to be entirely ineffective in destroying the eggs 
of the leaf-roLler. 
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The experiments against the larve were conducted in the Davis 
orchard at Canon City, Colo. This orchard consisted of many varie- 
ties, namely, Ben Davis, Missouri Pippin, Winesap, Paragon, Jeniton, 
Rome Beauty, Jonathan, Maiden Blush, Yellow Transparent, and 
Red Astrakhan. There were also a few trees of other varieties. 
The orchard as a whole had no more than a good one-fifth crop. 
On account of the light crop it was difficult to determine fairly the 
results of the spraying on some plats. In all cases the material was 
applied with a good gasoline-power outfit and a pressure ranging 
from 150 to 200 pounds was maintained. The plats contained trees 
as follows: I, ‘155; Tl,’'725 TH 3% FV, 6385 V, 46; Vil’ aay eae 
VIU 802° R941 5 X86! 

The results are shown in Table VI. 


TaBLeE VI.—Spraying experiments against the larve of the fruit-tree leaf-roller, Canon 
City, Colo., 1912. 


Percent- | Percent- | 
age of age of 


No. | . Treatment. injured | sound Condition of foliage. 
apples. | apples. 
Two applications of arsenate of lead, 3 pounds 20.00 80.00 | Good; no arsenical injury. 
to 50 gallons of water, May 2 and May 17 and 
18. 
Two applications of arsenate of lead, 3 pounds 20.00 80. 00. Do. 


to 50 gallons of water, plus 4 ounces Paris 
green. 


n Sail 
III | Two applications of arsenate of lead, 3 pounds 15.00 85.00 | Very good; no arsenical in- 


lon 


to 50 gallons water, plus 40 per cent nicotine jury. 
solution (1:1,000), May 3 and 25. 
IV ; One application of arsenate of lead, 3 pounds 15. 00 85.00 Do. 
to 50 gallons water, plus 40 per cent nicotine 
solution (1:1,000), May 3. 
V | Two applications of arsenate of zinc, 1 pound 25. 00 75.00 | Fair; serious arsenical in- 


to 50 gallons water, May 11 and 25. jury. 
VI} One application of Paris green, 8 ounces to 50 18.00 82.00 | Good; slightly burned by 
gallons water, plus 2 pounds lime, May 4; arsenical. 
one application of Paris green, 1 pound to 
50 gallons water, plus 2 pounds lime, May 18. 
VII | One application of 40 per cent nicotine solu- | No crop.| No crop.| Fairly good. 
tion at 1:800, plus 2 pounds of soap, May 11. 


VIII} One application of 40 per cent nicotine solu- 35. 00 65.00 | Fair. 
tion at 1:800, plus 2 pounds of soap, May 18. 
IX | One application of 40 per cent nicotine solu- 40. 00 60. 00 Do. 
tion at 1:1,000, plus 2 pounds of soap, May 18. 
XG | (Check *Unsprayedioc weve. - aoseaes sk eee ees 98. 00 2.00 | Trees nearly defoliated. 


Note.—Plats I, IV, VII, VII, and IX were sprayed with arsenate of lead at the rate of 3 pounds to 50 
gallons of water for the codling moth when the petals had dropped. Plats II and VI received the same 
treatment for the leaf-roller as for the first codling-moth application. 

The damage to fruit was determined by making careful counts of 
fruits*from various trees in the different plats. The total number of 
fruits was not counted in any case, so the percentages given are only 
approximate. On Plat VII there was a total crop failure. 

As will be noted, the best results were obtained on Plats III and 
IV, where a combination of arsenate of lead (3:50) and 40 per cent 
nicotine solution was used. The 40 per cent nicotine solution was 
found to be effective only when the larvee were quite small. It was 
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estimated that the tobacco mixture applied May 2 and 3 destroyed 
- about 50 per cent of the worms then on the trees. Plat II, which 
received two applications of the combination spray, showed no better 
results than on Plat IV, which received only arsenate of lead for the 
~ second treatment. Plat VI (Paris green alone) showed a slight 
improvement over Plats I (arsenate of lead 3:50) and II (arsenate of 
lead 3:50 plus 4 ounces Paris green). Plat V, which was sprayed 
with arsenate of zinc at the rate of 1 pound to 50 gallons of water, 
gave disappointing results, as it not only failed to destroy the ae 
in goodly numbers but it seriously burned the foliage. The arsenical 
injury to the foliage could, however, have been prevented if lime 
had been added. An increased strength of this arsenical would no 
doubt have been more effective. On Plats VII, VIII, and IX, where 
40 per cent nicotine solution alone was used, the benefit from spray- 
ing was considerably less. Plat VII of these plats gave the best 
results. On the day after the spraying, by carefully counting the 
number of dead larvz as compared with the living ones found on the 
trees, it was found that about 55 per cent of the larve were killed 
by the spray. On Plats VIII and IX not more than 25 per cent of 
the larve were killed. These plats, however, were sprayed a week 
later than Plat VII, and the difference in results was probably due 
to the fact that the worms at that time were more resistant to the 
tobacco mixture and that it was much more difficult to reach them 
in the rolled-up leaves. 

It will be noted in comparing the sprayed plats with the unsprayed 
plat as to the amount of injury to the fruit alone that there is much 
in favor of spraying. The benefit for each plat over the check plat 
is shown in percentages as follows: Plat I, 78; Plat II, 78; Plat III, 
83;. Plat IV, 83; Plat V, 73; Plat VI, 80; Plat VII, 73; Plat VIII, 
83; Plat IX, 83. The difference in condition of foliage must not be 
lost sight of in determining the benefit of spraying. The check trees 
were practically defoliated, while the sprayed trees retained their 
foliage throughout the season and were enabled to develop fruit buds 
for the following season. 

Although there is much in favor of spraying with arsenicals, alone 
or in combination with tobacco, they have not given entire satisfaction. 


LIGHT TRAPS. 


The writer had occasion to observe many lights used as traps to 
catch the moths of the leaf-roller at Canon City, Colo., during the 
season of 1912. The use of these traps was not advocated, but many 
orchardists were of the opinion that ‘a decided benefit would be 
derived if enough lights were placed in the orchard, as the moths 
were very readily attracted to them. Such orchards were examined 
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very carefully on several occasions to see if there was any appreciable 
difference in the number of eggs being deposited in them and in adja- 
cent orchards where lights were not employed. It must be stated 
emphatically that these traps caught vast numbers of the moths, 
but so far as could be determined there was little difference in the 
number of egg masses laid on the trees in these orchards than else- 
where in the same immediate region. Some growers, before the 
moths ceased flying, gave up the use of the light traps after they were 
convinced that there was little hope of receiving much benefit in that 
way. Light traps have never proven a success in controlling an 
injurious insect. Although some benefit may be derived, it is so 
shght that other means must be adopted in fighting the pest. 

Orchardists have told the writer of their endeavors to get rid of the 
leaf-roller by crushing all egg masses that could be found on the 
trees. Cases are known where growers have actually hired men to 
go over their trees during the winter for the purpose of destroying 
the eggs, thinking that it was possible to control the pest by such 
operations. In the spring they found, much to their surprise, that 
the steps taken during the winter season were of little use, as the — 
‘‘worms” appeared, as usual, in enormous numbers on all trees. 
Under orchard conditions it should be distinctly understood that 
there is no hope of practically controlling the leaf-roller by destroy- 
ing the egg masses by hand, because the masses are deposited on all 
parts of the trees and their small size and close resemblance to the 
color of the bark make their discovery difficult. 


CONCLUSIONS. 


The fruit-tree leaf-roller in the larval stage has been found difficult 
of control because of the manner in which the larve feed on the foliage 
and fruit, and also on account of the fact that they are very resistant 
to poison sprays. Applications of arsenicals alone and in combina- 
nation with 40 per cent nicotine solution have greatly reduced the 
amount of injury to the fruit and foliage, but these sprays have not 
been so effective as is desirable. 

A series of experiments for the destruction of the egg masses, con- 
ducted during the dormant season, have shown the value of mineral 
oils. Kerosene emulsion, crude-petroleum emulsion, and miscible 
oils have been tested. The last mentioned, when used at the strength 
commonly employed against the San Jose scale—that is, 1 gallon to 15 
gallons of water—will prevent most of the eggs from hatching. 
From 93.23 to 96.21 per cent of the egg masses were destroyed by 
this material on the experimental plats. Good results also were 
obtained by the use of kerosene and crude-petroleum emulsions, 
although these substances were, on the whole, not quite equal to the 
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miscible oils. The ease with which sprays may be prepared from 
these last commend them to many orchardists although the homemade 
emulsions are cheaper. In preparing a kerosene or crude-petroleum 
emulsion care is necessary to insure a thorough and stable emulsion. 
It should be stated that injury to trees treated with oils sometimes 
follows, although no such injury was noted in connection with the 
present experiments. No more spray should be used than is neces- 
sary properly to treat the tree, and the puddling of oil around the 
crown should be guarded against. 
_ Lime-sulphur solutions proved to be a decided failure as a destroyer 
of the egg masses. Strengths ranging from 1 gallon of lime-sulphur 
to 7 gallons of water to 1 gallon of lime-sulphur to 10 gallons of water 
were sprayed on apple trees and no benefit was derived from 
their use. 


RECOMMENDATIONS FOR CONTROL. 


Experumental work has shown that the best method for controlling 
the fruit-tree leaf-roller is by a very thorough application of a mis- 
cible oil at the rate of 1 gallon to 15 gallons of water during the dor- 
mant season. It must be understood that by thoroughness of appli- 
cation is meant the use of enough material to cover all parts of the 
tree, from the tip of the highest or smallest branch to the very base 
of the trunk. In order to do thorough work the trees must neces- 
sarily be sprayed from all directions. It is very often the case that 
the top branches or those around the inside are missed by the man 
operating therod. It must be remembered that only those egg masses 
actually hit or covered with the material will fail to hatch and those 
missed will surely hatch out ‘‘worms”’ in the spring to feed upon 
the trees. Orchardists should realize that thorough spraying with 
the right material and at the proper time pays well, but careless, 
haphazard work gives disappointing returns. 

All plants upon which eggs have been laid should be sprayed. 
Besides fruit trees, egg masses may be found on various shade trees, 
shrubs, and currant, gooseberry, raspberry, and rose bushes, ete. 
Eggs will also be found on buildings, spray outfits, wagons, fences, 
etc., and it istecommended that these egg masses be crushed so far 
as is practicable. 

The best time to spray is just before the buds burst in the spring. 
Late spring is preferable to early spring, as weather conditions are 
usually more favorable. There is also less likelihood of injury to the 
trees by the oil after the sap has begun to flow with considerable 
pressure. Spraying should not be done during threatening weather. 
Orchardists should bear in mind that the strength of miscible oil 
recommended is for a dormant spray and should never be applied to 
trees in foliage. -Spraying should be completed in the spring before 
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the buds have advanced so far as to have the green tips exposed. 
If the above precautions are carefully followed in applying the mis- 
cible oil, danger of injury to trees will be reduced to the minimum. 

There are a number of good commercial brands of miscible oil on 
the market. These miscible or soluble oils are so made that they 
mix readily with water. The material may be applied either by hand 
pump or gasoline-power sprayers. Power outfits are to be preferred. 
Nevertheless, whichever kind of outfit 1s employed, it is essential 
that it be provided with a good working agitator. To do effective 
work it is also necessary to have sufficiently long spray rods and leads 
of hose. Nozzles with medium-sized holes or apertures are recom- 
mended. 

Miscible oils at the strength recommended for the destruction of 
the eggs of the fruit-tree leaf-roller are valuable in controlling scale 
insects such as the San Jose scale (Aspidiotus perniciosus Comst.), 
Howard scale (Aspidiotus howard: Ckll.), ete. Orchards sprayed 
with the oil for the leaf-rollers will not require the usual application 
of lime-sulphur for the San Jose or Howard scales. 

In conjunction with the oil treatment in badly infested districts it 
is recommended that a very thorough application of arsenate of lead, 
at the rate of 3 pounds to 50 gallons of water, be applied when the 
larvee are emerging from the eggs. The larve will be found to be 
hatching just as the cluster buds on early-blooming varieties of 
apple are beginning to separate. The necessity for making this 
application will depend largely upon the thoroughness with which- 
the miscible oul was applied. 
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THE RED SPIDER ON HOPS IN THE SACRAMENTO 
VALLEY OF CALIFORNIA. 


INTRODUCTION. 


The common ‘red spider” (Tetranychus bomaculatus Harvey) has 


long been known as a pest in flower gardens and greenhouses, where 
it is often very injurious on ornamental plants. This damage, how- 
ever, becomes quite insignificant when the injury to hopvines is con- 
sidered. During the past few years this mite has become recognized 
as one of the most injurious of hop pests on the Pacific coast and 
especially so in the Sacramento Valley of California. 

The investigation upon which this bulletin is based was begun 
January 1, 1911, at the request of the horticultural commission~of 
Sacramento County and in cooperation with the E. Clemens Horst 
Hop Co., of San Francisco, and extended over a period of 18 months. 
Observations were made throughout this period in the hop fields in 
all parts of the Sacramento Valley, and spraying experiments were 
conducted on both a large and a small scale. 

The recorded efficiency of the various insecticides tested during this 
investigation is based upon actual counts of mites present before and 
after spraying, as well as upon general observations under ordinary 
field conditions. 

ECONOMIC IMPORTANCE. 


The red spider was reported in injurious numbers in the hop fields 
at Wheatland, Yuba County, Cal.,in 1902. Since then it has done 
some injury to hops in the Sacramento Valley every year and in 1910 
the hop crop was seriously injured in many localities. One company, 
the E. Clemens Horst Co., estimated their financial loss due to this 
mite in a few of their hopyards near Sacramento, Cal. (allowing 14 
cents per pound for hops), to be from $10 to $68 per acre. Other 
growers were not able to pick their hops so rapidly as did this com- 
pany, and their loss was necessarily much greater. In some yards 
near Sacramento the hops were so badly injured that they could not 
be picked at all and were allowed to remain in the field. 

NotTre.—Obligations are due to the manager of the E. Clemens Horst Co. and to the superintendent of the 
ranches at Perkins and at Wheatland, who placed at my disposal every means possible to carry on the work; 
to Prof. W. B. Herms, for many valuable suggestions; to Mr. E. K. Carnes, superintendent of the State 


insectary, Sacramento, Cal., who generously provided me with desk room; and to Dr. F. H. Chittenden, 
under whose directions the investigation was carried on.—W. B. P. 9 
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An extract from a letter from a former hop grower in Washington 
State describes conditions there as follows: ‘‘The ‘red spider’ was 
here in 1901, but did little damage. It gradually increased until 1905, 
when we let 25 of 85 acres blow away and what we did bale was 
trash. Then we gave up the fight.”’ 

The red spider is reported to have been very destructive to ene 
at Agassiz, British Columbia, but for the past few years has not ap- 
peared in injurious numbers. 

The past seasons were very late, and the mites were not present in 
noticeable numbers in the hop fields near Sacramento until the middle 
of June. Even so, they had done much damage by August, 1911, 
and if the crop had not been promptly and rapidly picked many of the 
hops would have “‘ blown away,” 
resulting in the total loss of a 
great portion of the crop. 


LIFE HISTORY. 
THE EGG. 


Description—The eggs of 
Tetranychus bimaculatus (fig. 1) 
are small, spherical, pearl-like 
Fic.1.—The red spider( Tetranychus bimaculatus): Egg obj ects, about one-sixth of a 

(position indicated by white circle) among webs on millimeter in diameter, though 

surface of leaves. Greatly enlarged. (Original.) 3 A : 

somewhat variable im _ size. 
From 10 to 450 are usually present on a leaf, and with the aid of a 
hand lens they are readily found upon infested foliage. 

Where laid —The eggs are deposited singly and are promiscuously 
distributed among the webs and upon the underside of the leaves. 
They are not attached to the host plant by protecting webs, as are 
the eggs of the citrus ‘‘red spider”’ (Tetranychus mytilaspidis Riley), 
but are held by strong filaments with which they chance to come in 
contact. Many eggs have been observed on the loose web which is 
ordinarily spun over infested leaves. 

Incubation.—The incubation period varies according to temperature 
and general climatic conditions. In the experiments conducted at 
Berkeley, Cal., during February, 1912, the incubation period was 
found to be from 8 to 10 days. This period during May was from 5 
to 10 days, with an average of 7.2 days, while in July, 1911, and during 
some very warm weather in 1912 it was only 44 days. The relatively 
higher temperatures of the summer are responsible for this shortening. 


a 


LIFE HISTORY. 11 
THE LARVA AND NYMPH. 


Descriptive—The larva (fig. 2) is a minute, almost globular object, 
and differs from the adult in the possession of only three pairs of legs. 
This six-legged condition lasts only during the first stage, 1. e., until 
the first molt, from which the mites emerge as nymphs, with four 
pairs of legs, and, except for size and the maturity of the sexual 
organs, similar to the adults. According to C. H. Perkins,! the sex- 
ual organs appear with the second molt, but copulation does not take 
place until after the third. 

Length of stages.—The length of the larval 
and nymphal periods varies, being from 8 to 16 
days, according to the prevailing temperature. 
As shown in Table I, this period under the 
temperature conditions given in the plat was 
15 to 16 days. During May, however, this 
period was found to be 11 to 12 days and in 
July, 1911, which was an exceptionally warm 


; Fic. 2.—Larva of the red spi- 
month, two mites were observed to be mature — der. The legs in this stace 


8 days after emerging from the egg. ae ee 


ne : = 5 larged. (Original.) 
Under field conditions in 1911 it was impos- 


sible to carry out any very extensive life-history experiments. During 
the winter, however, a series was carried out in the insectary of the 
University of California, at Berkeley, Cal. 

This series is recorded in Table J. 


TaBLe I.—Transformations and length of stages of the red spider in California, 1912. 


Eggs laid. Hatched. | First molt. 
No Mencthe ita wee 3) Length 
: of stage. of stage. 
Date. Time. Date. Time. Date. Time 
Days. Days. 
| ee Beps67| 9a. WL... Feb. 16 | 8a. m..... 10 | Feb. 20} 5p.m.. 4} 
tee BSS can, Oot O's. Te. LG Oe Bh 9 0 9 20 | 9a. m.. 5 
2 otc SEE eee oe LDN h ch ae 16|3p.m 10 20} 4p.m.. 4 
alle): ae 6 | 3.30 p.m 16 | lla.m 10 20 | 4p. m.. 45 
cine ee fe (ates: ee C6 ees 1Os(cS Dante 9 20 | 9a. m.. 33 
[3 (SE ee 8 |3p.m 16.) 3. Dem. s..1. 8 20 | 9a.m.. 132 
(SS Eee eee Be Os Toes LOM SiO cate onc 2 9 21 | 4p. m.. 5 
Second molt. Third molt. First egg laid. Total 
No. Length Length time, egg 
of stage. of stage. to adult 
Date. Time. Date. Time. Date. Time. ‘ : 
Days. Days. Days 
Bartana aa, Feb. 25 | 4p. m.. 5 | Feb. 29 |.9a.m..... 3a.) Mar,  2-).i2 a.m. 5 
ee 25 | 4p. m.. 5} 7s: os 54 2 | 11la.m., 25 
“LS ie 25 | 4p. m.. 5 203) 9.8. Whoo. 2 gas PSS a geet =e ool Pa arn ge 
ere er — 25 |.4p. m.. 5 29 | 9a. m..... 34 2°) 11-8. m.. 25 
ae 25 | 4p.m.. Dt REO e SS  e ee Seee Tal ene Pee Sh Laem. 24 
ead ES 25 | 9a. m.. 5 72's 4 SLY a 23 
‘ee eee 25 | 4p. m.. 4 | Mar. 1)|1lla.m 43 3 | lla. m. 25 


1 Report of the Vermont Agricultural Experiment Station, 1896-97. 
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THE ADULT. 


Deseription.—The adults of Tetranychus bimaculatus (figs. 3, 4) 
are small, greenish yellow or, in some cases, reddish mites ranging 
in size from 0.27 mm. in the male 
to 0.50 mm. in the female. The 
abdomen joins the cephalothorax, 
formed by the fusion of the head 
and thorax, at its full width and 
extends over the portion to 
which the posterior pair of legs 
is attached. The abdomen, the 
cephalothorax, and particularly 
the appendages are well provided 
with hairs. 

The two sexes are very distinct. 
The female is much the larger and 
has a broad, rounded abdomen, 
while in the male the abdomen is 
narrow and tapering. These dif- 
ferences are so well marked that 
the sexes may be distinguished 
under an ordinary hand lens. 


Fig. 3.—The red spider: Adult female, dorsal view. 
Greatly enlarged. (Original.) 


Copulation.—Copulation begins as 
soon as the mites become adult, the 
female often receiving several males. 
Contrary to the usual method, how- 
ever, the male operates from beneath 
the female. The male mite forces its 
way under the abdomen of the female, 
braces its legs against the leaf, and 
directs the genitalia over its back. 

Parthenogenesis.—The idea that par- 
thenogenesis occurs with the red 
spider is an old one, and during this 
investigation a few experiments were 
carried on along this line. A morn- 
ing-glory (Jpomea sp.) was cleaned 


: : Fig. 4.—The red spider: Adult male, dorsal 
of all mites and eggs, the petioles view. Greatly enlarged. (Original.) 


of the leaves were banded with tree 
tanglefoot, and adult mites were placed upon 10 of the leaves. After 
eggs were observed the female and all but one of the eggs were 


HABITS. 13 


carefully removed from each leaf. When mature the two females 
that survived upon the isolated leaves were carefully watched to 
be sure that no male mite reached them. Thirty-three eggs were 
deposited by these virgin mites and all of the 26 that hatched were 
males. 
HABITS. 
HABITATION. 


Small numbers of mites were observed during the early summer on 
the underside of hop leaves. A few strands of web were usually pres- 
ent to begin with, and as the number of mites increased the web 
became more extensive and was observed frequently to cover, in an 
irregular manner, the entire underside of the infested foliage. The 
lower leaves were first attacked, but as infestation increased these 
leaves, which were severely injured, began to dry and thus forced an 
upward migration of the mites. By August the entire vines were 
infested and in severe cases mites were observed upon the surface 
as well as the underside of the leaves. 


PROTECTION. 


Inhabiting as they do the underside of the leaves, the mites are 
well protected from wind and other climatic conditions. Further 
than this, the web which is spun indiscriminately across the under- 
side of the infested foliage affords the mites much protection. Where 
the finer mist sprays were used the webs were frequently not pene- 
trated and the mites beneath remained uninjured. This combina- 
tion of web and leaf affords the mites great freedom from injury. The 
web of the red spider is spun by either sex, and is at all times carried 
about by the mite as a guard against falling. It thus becomes scat- 
tered over the underside of infested leaves and other objects over 
which the mites may crawl. 


HIBERNATION. 


A careful examination, during February and March, 1911, of soil 
and hop roots taken from fields which were badly injured by the red 
spider in 1910 failed to reveal any hibernating mites or overwintering 
eggs. During 1911 the mites were found only upon violets and mal- 
low ( Malva parviflora) which grew in a flower garden half a mile from 
the hopyards, but they were observed in considerable numbers the 
following fall, winter, and spring upon wild morning-glory and mallow 
in all parts of the hopyards. 

It is evident, therefore, that the mites pass the winter upon wild 
plants in and around the hopyards, as has been found true of the red 
spider attacking cotton in the Southern States, by Mr. E. A. McGregor 
of this bureau. 


- 
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i 
LOCOMOTION. 


In order to determine the probable distance that an adult female 


mite is capable of crawling in one day, experiments were conducted 


in the laboratory. A sheet of paper 3 by 4 feet was placed in front 
of a window in a warm room, a female mite placed in the center of the 
paper, and its progress followed with a pencil for one hour. (See 


Fia. 5.—Track of a red spider on blotter, covering a distance of 40 feet 9inches and representing movements 
during one hour. Sacramento, Cal.,1912. (Original.) 


fig. 5.) In two cases loose soil was placed on the paper. Table II 
sums up the results. 


TaBLE I].—Distance traveled by adult female red spiders in one hour on smooth paper 


and on loose soil. 


Ex- 
eri- Distance | Distance 
cent Surface used. traveled. | gained. 
No. 
Ft. in. Ft. in 
i Saou J 02) Ol) Cane ae ee ee ee ee Me seen Pane ter cdos 22, 4) slens Seca 
Pine NO a aici See Shea na eee ee pe te A ee ere ce EP ERI pepo ce 23° -8) Daa cee 
2 eee GO xe se BE oh. Se eco seen gees ee SE. Gee nin ay oe eee 3 7% 2 
4) Loose. Souls = 55 S25 eee. ee ace eens we eet ag er oe en yO |e 0 1143 
A ee eed Papers. S. Besasse ele POR ee eae Sh ea ee eee 20°. 5: |e aceon 
2 Sieve sie Sip ellen Sic 2 SNS ENE RROD tie oe RE So RC a ye ee eee 15-9) "| ) <2 
7 SOG io i edit Sag) see Re ie Se ee oe Oe eee a ee eee ee ae 40° 9 leasneeeees 
B Packet soil. 32-2 oh de ae See ene ee iG; 2 3 |e ne eee 
Average for paperce® 22008 2 P08 eee See ae Ss Se ee 73) a Mal PSE ee ea 87 
Average.for loose’ soll. a. sd nadie oes eae OS ee eee es | Poca anor 0 113 
‘Average for. packed Soll... OAs ee eee ea ee ees : 6.52). \a22. cee 


The surface of the paper corresponds very well with that of the 
hopvine, and at this rate an average female mite is capable of cover- 
ing 211 feet of vine surface during a period of 10 hours. ; 
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In the case of soil, the lumps and sand interfered greatly with prog- 
ress and were responsible for many changes in direction. The dis- 
tance gained by these mites in 10 hours varied greatly, approximat- 
ing 10 to 60 feet from the starting point. The actual distance traveled 
over soil may in some cases exceed the above where the soil is very 
smooth and hard, but on rough ground is probably much less. 

From the foregoing experiments it seems probable that the mites can 
travel some distance over the bare soil, thus infesting plants more or 
less widely removed from those on which they passed the winter. 


EMERGENCE FROM HIBERNATION. 


First appearance of mites on hops.—The hopvines in yards that were 
known to be infested during 1910 were frequently inspected for mites 
during the following spring. The first mite observed upon a hopvine 
was found April 21 in the center of a yard near Sacramento. This 
lone mite was surrounded by eight eggs and protected by a small 
amount of dusty web. No more mites were observed until May 9, 
when a single mite was discovered on a hopvine situated 100 feet from 
a fence dividing two large hopyards near Perkins, Cal. Mites were 
later found upon some early hops which were growing along a fence 
and were also present in about the same numbers upon hopvines some 
distance from the borders of the hopyards. The mites gradually 
increased in numbers, and by June 1 occasional hopvines were found 
on which the lower leaves harbored from 5 to 33 mites each. 

As is shown by the foregoing data, the mites appeared simultane- 
ously in various parts of the hop fields and did not, as was formerly 
supposed, invade the yards from along the edges and work toward the 
center of the fields. 

MIGRATORY ACTIVITIES. 


Before the infestation became severe the mites were observed upon 
the underside of the lower leaves, over which they had spun a small 
amount of web. No distinct migration was noted at this time, but 
as the mites increased in numbers the infested leaves were seriously 
injured and partially dried. In this condition they furnished very 
little food and forced the mites to migrate to fresh foliage, leaving 
behind them from 100 to 450 eggs and at least one-tenth as many larve. 
Gradual upward migrations continued until the last of July, at which 
time the plants were entirely infested. 

During the month of August a new condition was observed. The 
morning-glory in the hopyards had become seriously injured by 
mites. A migration caused by the sudden decrease in the food supply 
was begun and soon became very extensive. Myriads of mites were 
seen crawling from the dying morning-glory, over the clods, up the 
vines and trellis poles, and covering everything with a fine web. 

A similar condition was noticed on a few hopvines that had fallen 
from the wire. The leaves that were farthest from the ground were 

74955°—Bull. 117—13——3 
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covered and often connected by a web which appeared reddish-brown 
or silvery, according to the number of mites present. The mites were 
frequently found clustered like swarms of bees (PI. I, figs. 1, 2), and 
the lower ones in dropping off were blown several inches by the wind. 

That migration did not take place during the early part of the sea- 
son was evidenced by the fact that 26 vines which were planted that 
season were noted to be free from mites July 25, 1911, while the sur- 
rounding older vines were thoroughly infested. Soon after the migra- 
tions commenced, however, mites were seen upon these vines. 


FOOD PLANTS. 


Tetranychus bimaculatus has a remarkably large number of host 
plants, and as will be seen from the following list, these plants belong 
to a wide range of families, including glabrous and hirsute plants. 
For convenience the following list has been divided into three parts. 
The first part contains a list of greenhouse and ornamental plants 
attacked by the mites; the second, a list of plants attacked in the field; 
and the third, a list of plants which were observed to be infested in 
and around the hopyards in the Sacramento Valley, Cal. 


List of food plants of Tetranychus bimaculatus. 


Greenhouse and ornamental plants, etc.—Rose, violet, carnation, mignonette, clematis, 
pelargonium, abutilon, fuchsia, passiflora, manettia, bouvardia, feverfew, verbena, 
heliotrope, honeysuckle, hydrangea, salvia, morning-glory, moonflower, cypress vine, 


phlox, aster, chrysanthemum, dahlia, sunflower, goldenglow (Rudbeckia sp.), calla, — 
Easter lily, Boston smilax, mimulus, slipper flower (Calceolaria sp.), canary bird vine 


(Tropxolum peregrinum), thunbergia, wedding bells (Burgmansia arborea), castor-oil 
bean, Asparagus plumosus, cuphea, godetia, caladium, tomato, cucumber, onion, 
and sweet pea. ; | 

Field plants, shrubs, and trees.—Bean, lima bean, cowpea, pea, cucumber, chayote 
(Sechium edule), cantaloupe, watermelon, squash, celery, eggplant, pepper, tomato, 
pepino (Solanum muricatum), cotton, okra, corn, raspberry, blackberry, table and 
sugar beets, hops, hemp, alfalfa, clover, peanut, groundnut (Aptos apios), English ivy, 
ferns, privet, hollyhock, Kentucky coffee tree (Gymnocladus canadensis), wistaria, hop 
tree (Ptelea trifoliata), pecan, ornamental sassafras, cedar, arborvitee, Colorado blue 
spruce, maple, horse-chestnut, Carolina poplar, and birch. 

Host plants in and near hopyards.—Mat-grass (Lippia nodiflora), Amaranthus blitordes, 
hedge mustard (Sisymbrium officinale), wild sunflower (Helianthus lenticularis), alkali 
mallow (Disella hederacea), Persicaria lapathiflora (perennial of Persicaria), rough pig- 
weed (Amaranthus retroflecus), prickly lettuce (Lactuca scariola), blessed thistle 
(Cnicus benedictus), alfalfa (Medicago sativa), burdock (Arctium lappa), burr clover 
(Medicago hispida), wild morning-glory (Convolvulus sp.), and cheese weed (Malva 
parviflora). It has also been observed on Jamestown or Jimson weed (Datura stra- 
monium), ironweed, Jerusalem-oak weed, wild geranium (Geranium memlatum), and 
Tngustrum amurense. 


From the foregoing list it is evident that this mite is nearly omniv- 
orous! so far as plant life is concerned, and without doubt there are 
many other food plants not included in this list. 

1 It is more than likely, since its feeding habits are of a suctorial] nature, that this mite will thrive upon 


nearly any form of vegetation in which the pukescence of the underside of the leaf is not so heavy or luxuriant 
as to prevent its direct attack upon the leaf tissue proper. 


ee - 
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Fi@. 1.—FALLEN HOPVINE, SHOWING CHARACTERISTIC SILVERY WEB AND CLUS- 
TERS OF RED SPIDERS (TETRANYCHUS BIMACULATUS), INDICATED BY ARROWS. 
(ORIGINAL. ) 


FiG. 2,.—FALLEN HOPVINES, SHOWING SILVERY WEB, ON WHICH RED SPIDERS ARE 
CLUSTERED. (ORIGINAL.) 


WORK OF THE RED SPIDER ON HOPS. 


PLATE II. 
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NATURE OF DAMAGE. 
GENERAL EFFECT OF MITES UPON FOLIAGE. 


These mites feed upon the juices and cell contents which they 
suck from the tissues of the host plant. This extraction of cell 
contents usually results in the formation of a light spot at the point 
where the mite has fed. The presence of mites upon a vine during 
the early summer is readily detected by these yellow spots in the 
surface of the leaves. As the mites increase in numbers the leaves 
become more ‘‘speckled,” turn yellowish, and when severely injured 
dry up and fall to the ground. Severely infested vines, at the time 
that the hop cones are forming, were observed to be very yellow and 
to lose many leaves. 

The decrease in the vitality of the vine, which is the direct result 
of the attack by mites, produces a premature ripening of the hops. 
The hop cones in infested yards were much further advanced than 
those in uninfested hopyards under similar soil and climatic con- 
ditions. This premature ripening results in a decrease in yield and a 
weakening of the roots, tending to decrease the crop of the following 
year. | 


RELATIVE EFFECT OF MITES UPON MALE AND FEMALE HOPVINES. 


The male vines throughout the season showed more immediate 
and serious injury than the surrounding female vines. In many cases 
they were almost entirely defoliated (Pl. II, figs. 1, 2), while the 
neighboring female vines were but slightly injured. 

Some leaves which expanded late in the season on the lower parts 
of the pistillate vines were thin and papery, appearing identical in 
texture with the leaves of the male vine, and showed an injury similar 
to that of the male foliage. This severe injury to the male vines 
appears to be due largely to the nature of the foliage and not to the 
presence of a larger number of mites than are found upon the female 
vines. 

EFFECT UPON THE QUALITY OF THE HOPS. 


Although the foliage upon the arms of the vines was infested at 
the time the hops were coming out of the burr, the mites were not 
observed actually to feed upon them until they were nearly full-sized. 
No direct injury was noted when the mites were first found upon 
the cones, but soon reddish-brown spots appeared upon the scales 
and gradually the natural green and yellow turned to reddish brown, 
the scales became scraggly, and in severe cases the hop cones became 
so brittle that they could not be picked. (See Pl. V, fig. 1.) 
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Even when they can be picked the quality is often severely injured. 
Dr. W. W. Stockberger, of the Bureau of Plant Industry, reports 
upon some samples of ‘‘spider hops”’ as follows: 

Of these No. 1 is, I should say, practically unsalable. Not only is the color very 
poor, but it is not uniform and shows very evidently the red discoloration produced 
by the activities of the ‘‘spider.’’ The aroma is also far from pleasing. The second 
sample, which showed some damage by the spider, is far from heing a first-class hop; it 
of course is still marketable. 


Thus, even though a large crop is harvested its value may be 
oreatly reduced by the injury due to the attack of the red spider. 


EFFECT UPON MAN. 


Some of the workmen of the hop ranches stated that during hop 
picking they had been troubled by the mites getting upon their 
bodies and causing an irritation. This point was investigated; 
several hundred mites were liberated upon the hands and arms of 
the writer and allowed to crawl around for 20 minutes. A barely 
detectable itching was the only sensation observed. The irritation 
mentioned by the men was probably due to scratches of the hop- 
vines and not to any irritation caused by mites. 


DISTRIBUTION IN THE FIELD. 


It was the opinion of some hop growers that the red spider appeared 
first along the roads and fences and gradually worked into the fields, 
but observations in several localities did not bear out this point. 
The mites first appeared within the hopyards and not especially 
along the borders, and although the increase was rapid, the infestation 
was evenly distributed. 

The dust from the roads collecting on the foliage made the web 
show very distinctly, and the growers, judging the extent of an 
infestation by the amount of web that can be seen, would naturally 
think that the infestation started where the web was most noticeable. 
This accounts for the erroneous opinion mentioned above. 

Mr. W. H. Volck, who made some observations upon the red spider 
at Wheatland, Cal., in 1902, suggested that since the infestation was 
so sudden the indies ot possibly have traveled through the air 
on webs, like the ‘‘balloon”’ spiders. To test this point four dozen 
sheets of tanglefoot fly paper were tacked to the trellis poles in 
various parts of the infested yards at Perkins, Cal. They were put 
out in June, 1911, and when collected in September many insects 
were found embedded in the hardened tanglefoot, but no mites were 
observed. During the migrations in August mites dropping from 
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the clusters were blown from 6 to 8 inches from where they would 
naturally drop, but it is very unlikely that they are carried any 
distance by any but a very strong wind. 

The only probable means of distribution other than the natural 
migrations are by horses used in cultivating, or by the hands and 
clothing of the men, and possibly on the bodies of the larger insects 
found on the hopvines. 


PREDACEOUS ENEMIES. 


Several predaceous insects were observed destroying red spiders on 
the hopvines near Sacramento, Cal., but their numbers were insuffi- 
cient to have any effect upon the infestation. The most numerous 
predaceous insect was a small anthocorid bug (Zriphleps tristicolor 
White). This insect, both in the nymphal and adult stages, was very 
common in some sections of the yards and was frequently seen feeding 
on the mites. 

Certain small ladybirds have been noticed preying upon this species 
in infested yards, but were not found in large numbers. Among these 
are the following: 


Scymnus nanus Lec., observed at Sacramento, Cal., July, 1911. 
Scymnus marginicollis Mann., observed at the same time and place. 
Pentilia sp., found in some infested yards but present only in small numbers. 


During July Chrysopa californica Coq., in the larval stage, was very 
abundant and probably did more good than all the rest of the pre- 
daceous insects together. 

Dr. F. H. Chittenden ' reports (Scymnus) Stethorus punctum Lec., 
Cecidomyra coccidarum Ckll., Aphanogmus varipes Ashm., Chrysopa 
rufilabris Burm., and (Thrips) Scolothrips sewmaculatus Perg. as feed- 
ing upon the red spider at Washington, ‘D. C., and elsewhere. 

Mr. E. A. McGregor,” an agent of this bureau, has recorded the fol- 
lowing natural enemies of the red spider on cotton at Batesburg, 
S.,0., in 1912: 


‘ 


Triphleps insidiosus Say. 

Chrysopid larvee. 

Euthrips fuscus Hinds. 

Euthrips occidentalis Perg. 

Scolothrips secmaculatus Perg., recorded by both Pergande and Duffy. 
Coccinella 9-notata Hbst. (larvee). 

Hippodamia convergens Guer. (larvee). 


While predaceous insects destroy many of the mites in the hop 
fields, their work has no appreciable effect upon the infestation. 


!The common red spider, Cir. 104, Bur. Ent., U. S. Dept. Agr., 1909. 
2 The red spider on cotton, Cir, 150, Bur. Ent., U. S. Dept. Agr., 1912. 
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EXPERIMENTS FOR THE CONTROL OF THE RED SPIDER. 
METHODS OF EXPERIMENTATION. 


The sudden and widely distributed appearance of the red spiders in 

the hopyards, the rapidity of their increase, and the fact that the old 
remedy (sulphur) had not controlled the mites in the hopyards during 
the preceding season made the control problem appear a difficult one. 
As soon as the mites became numerous enough on the hopvines to 
warrant experimental work, the first of a long list of experiments 
which was planned during the spring of 1911 was applied. The lime- 
sulphur solutions, because of their efficiency and relatively low cost, 
soon became the most promising of the contact insecticides. They 
were therefore applied more extensively and were given more atten- 
tion than the other materials which were listed during the investiga- 
tion. teieics . 
The materials were applied, except in the small-scale work, with a 
power outfit (Pi. III, fig. 1) which maintained from 120 to 150 pounds 
pressure. Seven-foot rods tipped with a nozzle throwing a fine but 
washing spray were used for the work. 

In making the tests with the various insecticides it was found 
desirable to express their efficiency with as near an approach to 
numerical exactness as possible. Tag counts and field counts were 
employed in obtaining the percentage of mites killed and were found 
to be very accurate. In most cases only one of these methods was 
used on a plat, but occasionally both were employed. These counts 
were made both before and after spraying. 

Tag counts.—Twenty tags were attached to the petioles of as many 
leaves, and the numbers of mites found upon the several leaves, both 
before and after spraying, were recorded upon the attached tags. 
The percentage of mites killed by the spray was thus very accurately 
obtained. 

Field counts.—Field counts were made by picking 20 leaves from 
various parts of as many vines chosen throughout the plat. The 
numbers of mites found upon the leaves, which were taken both before 
and after spraying, were compared and the precentage of mortality” 
obtained. This method gave a good idea of field conditions but did 
not prove as effective as the tag count. 


SULPHUR. 


Sulphur in a dry and finely divided form has in past years been used 
very extensively against red spiders with supposedly good results. — 
One experimenter states that although the sulphur does not affect the 
adult mites, it kills the larvae when they emerge from the eggs and 
thus checks the infestation. Several hop growers stated that the red 
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FiG. 1.—SPRAYING HOPVINES WITH POWER OUTFIT. (ORIGINAL.) 


FiG. 2,.—APPLYING PRECIPITATED SULPHUR IN DusT FORM AS 
A REMEDY AGAINST THE RED SPIDER. (ORIGINAL.) 


SPRAYING AND DUSTING FOR THE RED SPIDER 
ON HOPS. 
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FiG. 1.—SWEET PEAS INFESTED BY THE RED SPIDER, BUT PROTECTED BY DUSTING, AT 
INTERVALS OF ONE WEEK, WITH PRECIPITATED SULPHUR. ~—LOS ANGELES, CAL., 


1910. (ORIGINAL.) 


Fic. 2.—SWEET PEAS, GROWTH ABORTED, BLOSSOMS INDIFFERENT, AND VINES NEARLY 
KILLED BY THE RED SPIDER. LOS ANGELES, CAL., 1910. (ORIGINAL.) 


THE RED SPIDER ON SWEET PEAS: 


: EXPERIMENTS FOR CONTROL. yal 


spider could be easily controlled; that sulphur dusted or blown onto 
the vines would soon check their progress. General observations 
made in the infested fields that were thoroughly dusted with finely 
powdered sulphur, however, lead the writer to believe that dry 
sulphur is of no value whatever in checking the ravages of this mite 
upon hops. This point was most conclusively proved, as will be seen 
from the following data. 

In testing the efficiency of this material upon the mites, all the 
available forms of dry sulphur were purchased and a precipitated form 
was prepared by treating a lime-sulphur solution with hydrochloric 
acid. These sulphurs were applied in the form of dust (Pl. ITI, fig. 2) 
and also with water as a,“‘wet spray.” Table No. III gives results 
which were obtained from tag counts taken at various times during 
the season of 1911 and 1912. 


TasLE III.—Negative results produced by sulphur in various forms used against the 
red spider on hops. 


Days 
Num- Per ape 


Per 
; | ber of In- 
Date. Material. mites | killed | kitled | @PPU- | mites, | crease | Cent of 


tion : - 
present| by ap- | by ap- ca third |jofmites. 
before. | plica- | plica- re count nS 
tion tion sara 
1911. 
June 30 Te igiinied sulphur, 10 pounds; 
flour ta t pounds; water, 100 
CICS. Ge 6a eae ee {ae A | 10 282 11 4.06 
July 15 | Flowers of i=) aaa 20 pounds; 
Mater MP PAHONS.............-2- 201 61 69.7 26} 1,458] 1,257] 625.00 
18 | Precipitated sulphur, 10 pounds; 
Naor, 1oOlmallons. ...o.0.---6...- 264 146 55.3 21} 1,533 | 1,269] 480.68 
ari ai. so a salsa oe nn a 305 163 53.4 (1) (4) Ce. zene 
25 Precipitated sulphur dust, applied 
LI 2 ohn ct SS aie oe A Ga BOOMER ea Saline oe ee 21 670 110 19. 64 
1912. 
July 10 | Precipitated sulphur dust.......... LO Feigao ape ae a LA ee A 30 | 1,198 560 87.77 


1 Tags lost after second count. 
Mites of all ages (larvee, nymphs, and adults) were observed from time to time on the tagged leaves. 


This table definitely illustrates the inefficiency of sulphur in con- 
trolling the red spider on hops. It will be noted that a certain 
percentage of mites was killed or washed off by the spray, but the 
increase which followed proves definitely that sulphur in the dry 
form has little or no effect upon the mites. Observations in fields 
where sulphur had been applied by hand and by a traction dust 
machine also bore out this statement. In some cases there were 
few mites upon the sulphured vines, and growers claimed that the 
sulphur had destroyed the mites. Near-by unsulphured foliage, 
however, was invariably found to be as free from mites as the ‘‘sul- 
phured”’ vines, and this assumption did not hold. 

Sulphur as a control of the red spider on hops has been tested and 
found wanting and is superseded by the contact insecticides. 


ee THE RED SPIDER ON HOPS IN CALIFORNIA. 


Reason for vnefficiency.—Some experiments with sulphur upon 
Tetranychus bimaculatus attacking prune, pumpkin, and sweet peas 
proved very satisfactory. Similar results were obtained when 
sulphur was applied to infested sweet peas in Los Angeles, Cal., by 
Mr. H. M. Russell, as is shown in Plate IV, figures 1 and 2. The 
efficiency of sulphur against the red spider on these plants and its 
inefficiency when applied on hops and cotton led to some careful 
observations as to conditions. It was noted that the pumpkin and 
sweet peas expose nearly all of both surfaces of their leaves to the 
direct rays of the sun at some time during the day and that the mites 
on the prune were attacking the upper and therefore the exposed 
surfaces. ‘The hopvines and cotton plants, however, expose princi- 
pally the upper surfaces of the leaves to the sun and the mites living 
upon the undersides are thus protected. 

From these observations it is evident that sulphur is effective upon 
the red spiders only when the infested surfaces of the plant are 
exposed to direct sunshine at some time during the day or to intense 
reflected heat. 


-LIME-SULPHUR SOLUTIONS. 


The results obtained in a small preliminary field experiment in 
which lime-sulphur in combination with nicotine sulphate, 40 per 
cent, was applied gave such good results that these materials were 
at once placed at the head of the list of sprays to be fully tested out 
during the course of the investigation. The lime-sulphur solutions 
are much cheaper than the nicotine solutions when used at the sum- 
mer dosage; therefore it seemed desirable to try the lime-sulphur 
solution alone in order to reduce the cost of spraying, provided the 
omission of the more expensive nicotine solution cou not alter the 
results. 

During the early work with these sprays it was evident that the 
straight lime-sulphur solutions, instead of spreading out in a film, 
formed beadlike drops on the foliage. Mites found in actual contact 
with these drops of spray were seen to draw away from them and 
escape uninjured. The results obtained with straight lime-sulphur 
solutions were most unsatisfactory. 

Soap formed a precipitate with the polysulphid, and as it was 
very evident that some ‘‘spreader’? must be used if the lime- 
sulphur solutions were to prove effective, this subject was thoroughly 
investigated. 

Upon the suggestion of Prof. A. L. Quaintance, of this bureau, 
‘‘black-strap’’ molasses, a cheap grade, was used with the lime-sul- 
phur spray at the rate of 2 gallons to 100 gallons of spray. This 
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mixture spread more rapidly than the straight solutions, but did not 
prove entirely satisfactory. 

While applying a spray composed of lye-sulphur, flowers of sul- 
phur, and flour paste, it was observed that the material spread over 
the leaves very rapidly. This flour paste seemed to meet the demand 
for a “spreader” and was accordingly mixed with the lime-sulphur 
solutions. The result was a smooth mixture, without precipitate, 
which spread over the leaves in a most effective manner (PI. V, fig. 2) 
and gave unusually effective results as an insecticide. The proper 
proportions were found, on experimentation, to be 4 gallons of flour 
paste (4 pounds of flour) to 100 gallons of spray. 

Lime-sulphur and flour paste proved a very effective and rela- 
tively cheap spray for use against the red spider and was extensively 
used in the control work carried on in the Sacramento Valley in 1911. 


TABLE 1V.—Spraying experiments with lime-sulphur solutions against the red spider 


on hops. 
n nN n Zeal rec RL 
Se ae) 
Pee Vee ome) | eer te! es e 
Re iens Noe cule eel Sire Path es is 
No.| Date. Material. ee SP eles le OIE ee - 
' a2 | B =i arg mB 2° : i) 
2 5, ox] os lo ® = re ~ 
llr eb he hh ela t | ORE 3 
SoS le eee 2 3 I 
Z Zz Py RY ee 6) aa) 
1 | June 23 | Lime-sulphur, 36° Baumé, | Thorough.| 360 | 135 | 37.5 |.-...-|$0.26 | Tag.| None. 
1-751. 
2 27 | Lime-sulphur, 36° Baumé, |...do...... 698 | 692 | 99.0 |.-.-.--- FODL | aseGOr Do. 
1-75; flour paste, 4-100. 
3| July 1 ae aa SO OAUINO. |=. On. ame GO7 GOL | S9N0r |. 2-52. .49 |...do.| Slight in- 
1-50; flour paste, 4-100. . jury. 
4 5 | Lime- -sulphur, 307 Baume, |e does se 964 | 945 | 98.1 |.-...-- Ol |ac- Osan DO. 
1-60; flour paste, 4-100. 
5 6 | Lime- sulphur, 36° Baume, |...do.....- 593 | 534 | 90.0 | 97.1 | .32 |...do.| None. 
1-86; flour paste, 4-100. 
6 6 | Lime-sulphur, 36° Baumé, |...do...... DOB OSO! | 98.8 |-2- ose .32 | Field} Do. 
1-86; flour paste, 4-100. 
7 9 | Lime-sul hur; 36° Baumeé, |...do..:... 906 | 892 | 98.4 |...... 229 |-Tar-| Do; 
1-100; flour paste. 4-100. 
8 19 Lime-sulphur, 33° Baumé, |...do...... 143 | 142 | 99:7 | 99.7 | .388|..-do:| Do. 
1-70; flour paste, 4-100. 
9 19 ae -sulphur, 3p- Baume, |2-.d0. 2. ... 509 | 440 | 86.4 | 92.9 | .38] Field} Do. 
1-70; flour paste, 4-100. 
10 19 Lime-sulphur, 33° Baumé, | Careless...| 509 | 55 | 10.8 |...... -a8 |2..G0.).. Day 
1-70; flour paste, 4-100. / . 


1 The terms “‘lime-sulphur, 1-75,” ‘‘ flour paste, 4-100,’’ ete., denote 1 gallon of lime-sulphur to 75 gallons 
of water, 4 gallons of flour paste to 100 gallons of water, ete. 


Notre.—The amount of material necessary per acre varies from 300 gallons in light foliaged hops to 500 
gallons in heavy foliaged hops. 

Table IV gives an accurate conception of the efficiency of the lime- 
sulphur-and-flour-paste spray. The percentages obtained in Nos. 1 
and 2 of this table represent graphically the relative efficiency of lime- 
sulphur solutions with and without the flour paste. <A great differ- 
ence in the percentage is again noted in Nos. 9 and 10. In No. 9 the 
material was thoroughly applied and in No. 10 applied very care- 
lessly. The lower percentages obtained late in the season as compared 
with the higher percentages secured earlier in the season are due to 
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the condition and extent of the foliage on the vines. During the early 
part of the work the foliage was light and could be easily sprayed, 
while later on it became dense, and thorough work was quite difficult. 
The results, however, prove the efficiency of the lime-sulphur-and- 
flour-paste spray in killing the red spider on the hopvine. 


FLOUR PASTE. 


The efficiency of flour paste as an arachnicide was indicated in the 
experiment which is recorded under No. 14 of Table VII, but it was 
not until the summer of 1912 that its value was fully realized. During 
spraying experiments with nicotine sulphate and flour paste upon 
the hop aphis it was observed that many of the smaller aphides had 
become pasted to the leaves. From this data it was assumed that a 
solution containing a larger proportion of flour paste should be 
effective against the more delicate aphides and mites, and the follow- 
ing experiments were accordingly conducted upon the red spider on 


hops: 


TaBLE V.—Experiments with flour paste against the red spider on hops. 


Number | Per cent | Cost per 
Date. Formula. of mites | of mites | 100 gal- 
present. | killed. lons. 

JUNE WSs Se Le Flour paste, 8-100.........-- Se ees eat Reus (Ree oa nO 435 100.0 $0. 176 
AIUD ITO CERO a og lie GO25.2 (ee ee Roe ey Se a en Seu 781 99.8 .176 
Jiully sizenyss Mea to ee Renta C6 Co ee EN Roi AEN, A SM at Matas A 452 99.8 176 
ASU CA Gre 5 ie hs 5 Spe GO. 2.2 bg Se eee ae oe eee eee ae 882 100.0 176 
One wee ee aes CO OTR Bh Sa acat Oy Mode yy 2 Miss WOE, sn Pe ae 477 100. 0 176 
PAT FOIE ert te ea heehee LO asf ee RE A aie ies UL Re 908 99.8 176 
Bo tale ake pecker ee 3, 759 1499/9) ee ea 
Tuily dots Poa Howe pastes 10-100.) need ake ee 805 99.9 22° 

PATIO IG ioe en ae Se lita GOs ie DE RE eee, Ee Rae ete ear ee cee ene 908 99.9 22 
Total 2 SERS: as Bec Ue ARN Neihart Vaz QQ Oi cree eee 

1 Average. 


These experiments prove that the flour paste, 8-100 and 10-100, 
is effective against Tetranychus bimaculatus. The spray pastes the 
mites onto the leaves, but has no effect upon the eggs, and in control- 
ling the mites a second application is necessary. 

The neutrality of this spray was proved by the fact that when 
applied upon the foliage and blossoms of the hop, in proportions as 
high as 12 gallons of paste to 100 gallons of spray, no injurious effects 
resulted. When sprayed onto the burrs and delicate hop cones, it 
did not prevent pollination or injure the appearance of the scales. 

When mixed in the spray tank, flour paste has a tendency to settle, 
and in order to do satisfactory work agitatiin is necessary. -It is, 


: 
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Fic. 1.—UPPER ROW: LARGE, FULL-SiIZED, HEALTHY Hops. Lower Row: SMALL, 
ROUGH Hops, SHOWING LOSS IN WEIGHT DUE TO THE RED SPIDER. (ORIGINAL.) 


Fic. 2.—LEAF OF Hop, THE LEFT HALF OF WHICH WAS SPRAYED WITH LIME- 
SULPHUR AND FLOUR PASTE, AND THE RIGHT HALF WITH LIME-SULPHUR 
ALONE. (ORIGINAL.) 


Note that the spray is uniformly distributed on the left half of the leaf; on the right half, 
however, it is collected in separate drops or patches, owing to the pubescence of the leaf, 
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however, an effective, convenient, and nonoffensive spray, and the 
cheapest one that has been successfully used against the red spider. 


LYE-SULPHUR. 


The lye-sulphur solution (Formula No. 1), used with success against 
the red spider on the almond by Mr. W. H. Volck, was applied with 
flour paste and with cresol soap in various proportions. The results 
of these experiments (Table VI) were obtained from tag counts and 
are very promising. 

The lye-sulphur solution, used with either the cresol soap or the 
flour paste, was very effective, and when used in the proper propor- 
tions did not injure the foliage in the least. It would have been 
used more extensively in field experiments had not the lye been 
disagreeable to handlé in making up the stock solution. The lime- 
sulphur on the market at a relatively low figure proved just as 
effective as the lye-sulphur and, bemg much more convenient, was 
preferred. 


TABLE VI.—S praying experiments with lye-sulphur in various combinations against the 
red spider on hops. 


ke Dae: a Per ,|Cost per 
s Applica- er 0 er of | cent o F 
No.| Date. Material. ent mites’ | mites’| mites | 200 | Mdlect om wine. 


present.| killed. | killed. gallons. 


1 | June 23 5a a 4-100; cresol | Thorough. 377 367 97.4 | $1.05 | Slight injury. 
soap, 1-300. 

2| June 26 | Lye-sulphur, 2-100; sul- |...do...... 374 366 97.8 .708 | No injury. 
phur, 15 pounds to 100 

gallons; flour paste, 4-100. 

3} July 2) Lye-sulphur, 1-100; sul-|...do...... 371 361 97.4 55 Do. 
phur, 15 pounds to 100 

gallons; flour paste, 4-100. 

4/ July 15 | Lye-sulphur, 1-100........ SOs ene 518 458 88. 
Se00ue.| Lye-sulphur, 2-100. ..:.-.-- Lseovopee eae 437 384 87. 


515s Do. 
Do. 


CO Or 
io) 
— 


Although the lime-sulphur, or lye-sulphur, and flour-paste solution 
did not injure the foliage or the blossoms of the hopvines, it did 
injure the more tender hop cones. The late spraying with lime- 
sulphur, if practiced, should be completed before the hop cones come 
out from the burr. 


NICOTINE SOLUTIONS AND OTHER MATERIALS. 


The nicotine solutions, used with the lime-sulphur, or with soap, 
or alone, were quite expensive, as may be seen in Table VII. The 
lime-sulphur and flour paste was so much cheaper and so effective 
that the nicotine experiments which had been outlined were conducted 
onasmallscale only. The results of these experiments, together with 
the results of some miscellaneous experiments, are given in Table VII. 
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TaBLEe VII.—Spraying experiments with various combinations against the red spider on 
hops. 


Num- | Num-| Per 
we ber of | cent 
mites | mites jof mites 
present.| killed. | killed. | ®#!ons. 


) Cost per 
No.| ‘Date. Material. Application. “ 


1 | July 15 | Nicotine sulphate, 40 per cent, 1-750..| Thorough, but 450 263 58.4 | $1.66 


beaded. 
2 |...do.....| Nicotine sulphate, 40 per cent, 1-1,000.}..... (0 es ee reed 414 376 |) 90.8} ~ 1.25 
3 |...do.....| Nicotine sulphate, 40 per cent, 1-2,000.|..... SO. le = oe ih 0 762 677 98.9 . 62 
4 |...do.....| Nicotinesulphate, 40 per cent, 1-3,000.|..... dongs = eee 414 263 |. 63.6 . 416 
5 | July 16 | Nicotine sulphate, 40 per cent, 1-60....).....do..........- 237 185 78.1 1.08 
6 |...do.....]| Nicotine sulphate, 40 per cent, 1-|..... GONG scec ete 312 273 87.5 . 85 
2,000; lime-sulphur, 1-86. 
7 |.-.do.....] Nicotine sulphate, 40 per cent, 1-|..... dO. feat 361 280 78.6 . 64° 
3,000; lime-sulphur, 1-86. 
8 |...do.....| Nicotine sulphate, 40 per cent, 1-750; | Thorough, not 330 225 68.3 2.08 
cresol soap, 1-300. beaded. 
9 !...do.....| Nicotine sulphate, 40 per cent, 1-'!..... Gorsassauens 164 111 67.7 1. 67 
1,000; cresol soap, 1-300. 
10 | July 17 | Nicotine sulphate, 40 per cent, 1-|..... AGss 365. sas 269 174 64.7 1.04 
2,000; cresol soap, 1-300. 
11 |...do.....| Nicotine sulphate, 40 per cent, 1- |..... GO: 2-S8\.- EEE 201 115 57.2 . 83 
3,000; cresol soap, 1-300. 
12 |...do....-| Lime-sulphur and nicotine sulphate, | Thorough, but 273 191 70.» leeesoets 
1-50. beaded. 
13 |...do.....| Lime-sulphur and 40 per centnicotine| Thorough, not 163 157 9658s 5 Cass L 
sulphate, 1-50; flour paste, 4-100. beaded. 
las |code. 2a EP lourpaste; 4 -100rs. oes sete ern dO caer ae. 657 444 67.5 . 09 


PURE WATER. 


Spraying with water is one of the most successful and most com- 
monly used methods of controlling the red spider in greenhouses. 
With a strong but fine stream of water the mites are washed from the 
foliage of infested plants and the infestation is reduced to a minimum. 

It was thought possible to wash the mites from the hop leaves by 
spraying water through a coarse nozzle at 200 pounds pressure with 
about as successful results. This experiment was accordingly carried 
out, and although some of the mites were washed off, many were left 
and were later seen to have been uninjured by the force of the spray. 

The lime-sulphur-and-flour paste and the flour paste, 8-100, are so 
cheap that even though between 50 and 70 per cent of the mites could 
be killed by pure water, one of the former materials, which destroys 
about 98 per cent, is preferred. 


VALUE OF A SECOND APPLICATION. 


After a few spraying experiments had been conducted it was seen 
that the sulphur, the lime-sulphur, and the lye-sulphur had no effect 
upon the mites except by actual contact; therefore the idea of placing 
a material on the vines which would kill the larve on emergence was 
abandoned. Although nearly 100 per cent of the mites living upon 
the leaves could be destroyed by the spray, the eggs were uninjured 
and the newly hatched larve reinfested the leaves as badly as before. 
It was therefore decided to spray a second time after all the eggs had 
hatched and yet early enough to prevent any larve from becoming 
mature. 
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During July the mites passed from larva to adult in 8 days and 
during April the incubation period was 7 to 10 days.’ Basing the 
time of a second application on this data, 7 days was decided upon 
as the interim between the first and second sprayings, and by follow- 
ing out this plan some very encouraging results were obtained, as 
shown in Table VIII. 


TasLE VII1.—Experiments showing value of a second application in spraying for the red 
spider on hops. 


Num- 


Second 
Num- | Per 
. ) Vaber‘of appli- 
No.| Date. Material. Appice mites cn ania of | cation, 
Pres- | iilled, | killed, [Per cent 
ent. killed. 
1| July 6 | Lime-sulphur,36° Baumé, 1-86; flour paste, | Thorough. 593 543 90 97.1 
4-100. 
2 | July 19 | Lime-sulphur, 33° Baumé, 1-70; flour paste, |... -- (Ons 143 142 99.7 99.7 
Cee Lime-sulphur, 33° Baumé, 1-70; flour paste, |... .-. Gomes-2 509 440 86. 4 92.9 
4-100. 


It will be noted that only from 0.3 to 7.1 per cent of the original 
number of mites present on the vines were present after the second 
application. The mites which hatched from the few eggs that 
remained were not sufficient to form the basis for a reinfestation and 
the work was accordingly considered satisfactory. 

Unfortunately some of the plats treated were covered with infested 
morning-glory vines, which were severely injured by the mites, and 
which later resulted in a migration that soon reinfested the hop- 
vines. Morning-glory was not present in one plat, however, and 
although the applications were made so late that the vines were 
severely injured, the results to be expected from such a plan were 
clearly proved. These vines were comparatively free from mites at 
the end of the season and had a much more healthy color than the 
vines in the adjoining plats which were used as checks. 


FORMULAS FOR SPRAYS. 


To prepare the flour paste, mix a cheap grade of wheat flour with 
cold water, making a thin batter without lumps; or wash the flour 
through a wire screen with a stream of cold water. Dilute until there 
is 1 pound of flour in each gallon of mixture. Cook until a paste is 
formed, stirring constantly to prevent caking or burning. Add suffi- 
cient watec to make up for evaporation. (See Pl. VI, fig. 1.) 

For spraying with flour paste alone, use 8 gallons of paste as pre- 
pared above to each 100 gallons of water. 

For the flour-paste and lime-sulphur spray, use 4 gallons of paste 
to each 100 gallons of spray containing the lime-sulphur. 


1 In moderate weather ellaw 10 and in hod weather 7 7 day s between applications, 
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BANDING WITH TANGLEFOOT. 


Banding with tanglefoot has become the chief method of control- 
ling the hop flea-beetle (Psylliodes punctulata Melsh.) in British 
Columbia, and as the mites also work up the vine mainly by crawling 
it was deemed advisable to attempt to check their progress by means 
of the tanglefoot bands. In order to test this method, 10 infested 

hopvines were selected. <A few 
leaves were removed to prevent 
bridging, and mn some cases the 
vines were stripped; tree tanglefoot 
was then applied to the vines in 3- 
inch bands. (See fig.6.) About 20 
- badly infested leaves were next at- 
tached to the vines below the bands 
and the lower parts thus thoroughly 
infested. During the following week 
these vines were continuously ob- 
served. Hundreds of mites were 
found around the lower edges of the 
bands, and in cases where the lower 
leaves had been stripped off some 
web was found at the base of the 
tanglefoot, but there was no evidence 
that the mites had crossed over. 
Although mites were seen above 
the bands, these probably were car- 
ried there on the observer’s hands 
during previous observations. 
Similar experiments were con- 
ducted. in 1912, except that some 
foliage was left below the bands on 


Fic. 6.—Hopvines banded with tanglefoot, in an : : : 
attempt to prevent the mites from ascending. which the mites could multiply-and 


Comal from which they could migrate. 


Three weeks’ observation failed to reveal mites above properly banded 
vines, but after this time the tanglefoot became filled with sand and 
was not effective. 

One large-scale experiment with tanglefoot was attempted, but 
the work was done so late in the season that a few mites were already 
above the point of banding and no definite results could be obtained. 

Banding with tanglefoot in itself will probably not act as a control 
for the red spider, but in yards where late clean culture is not practi- 
cable it will probably protect the sprayed vines from the late summer 
migrations. 

Application.—It is necessary to get the tanglefoot well into the 
spaces between the two vines, the simplest way to accomplish this 
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Fic. 1.—COOKING FLOUR PASTE OuT OF Doors; KILN-HOUSE FOR DRYING Hops, PRE- 
PARATORY TO BALING, IN DISTANCE. (ORIGINAL.) 


Fic. 2.—LARGE POWER SPRAYING OUTFIT, SHOWING LINES OF HOSE RUNNING INTO 
HOPYARD. (ORIGINAL.) 


SPRAYING FOR THE RED SPIDER ON HOPS. 
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s 
being with the hands. A section about 3 inches long should be 
coated with the tanglefoot, care being taken that no parts are missed 
and that no leaves are left to form a bridge across it. Although the 
tanglefoot is apparently very disagreeable material to apply, it is 
easily washed off the hands with a little kerosene or even with soap 
and hot water. 
METHODS OF APPLYING SPRAYS. 


No spraying for the red spider should be attempted unless the 
proper appliances and machinery are at hand. Hand pumps which 
will maintain 150 pounds pressure can be used, but power outfits 
are preferable. Traction and compressed-air sprayers which will 
maintain the proper pressure are light, convenient, and readily hauled 
through the hopyards, but unless the required pressure is maintained 
they will not give satisfactory results in spraying. The outfits used 
in the experimental work at Sacramento were composed of a gaso- 
line engine, a’spray pump, and a 50-gallon barrel mounted upon a 
light three-wheeled truck. These outfits did effective work, but 
carried so little spray material that they required refilling entirely too 
often. A large orchard power outfit (Pl. VI, fig. 2) equipped with 
two 150-foot lines of hose was operated around the edges of some of 
the yards with good results. The driver assisted the rodmen in get- 
ting the hose in and out of the rows and a wide strip around the yards 
was treated. In cases where the infestation appears on one side of a 
field such machines can be readily employed. 

The mites are almost entirely found on the underside of the leaves, 
and in order to wash them thoroughly the spray must be directed 
from below. When angle nozzles are not available the spray rod may 
be bent so that the spray may be readily directed to the underside of 
the leaves. If one or the other of these methods is not employed the 
material will not be satisfactorily applied. 

In order to penetrate all of the webs and reach all of the mites it is 
necessary to use a nozzle that will throw a washing rather than a 
mist spray. The Bordeaux or “stopcock” type is usually too coarse 
and wastes material, so that a nozzle should be chosen somewhere 
between that and the Vermorel type. Some of the recent makes can 
be regulated by the alteration of the size of the opening in the disk 
so that any degree of spray can be obtained. Such nozzles are very 
well adapted to the red-spider work. 

In controlling the red spider in the hop fields it is necessary that a 
large territory be covered in a short time and that the material be 
applied very thoroughly. To do this several outfits are necessary 
and these must be in good working condition. Disabled machinery 
not only increases the expense of spraying but reduces the chance of 
controlling the mites. 
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} 
COST OF SPRAYING. 


The following estimate of the cost of spraying for the red spider is 
made from data, taken from actual field work on high-trellis yards. 
The amount of material needed for hops on short poles will be some- 
what less. 

It has been found that one machine will spray from 2 to 3 acres 
per day and that in order to do thorough work it is necessary to apply 
from 300 to 500 gallons per acre, -according to the amount of foliage 
on the vines. The following data are based on a machine which will 
spray 2 acres per day. 


TaBLE 1X.—Cost of spraying hopyards for the red spider. 


Cost of application per acre. 


Flour paste, 8-100; | Lime sulphur, 1-100, 


cost and cooking, and flour paste, 
19 cents per 100 |. 4-100; cost per 100 
gallons. gallons, 26 cents. 
300 500 300 500 


gallons. | gallons. gallons. gallons. 


$0. 57 $0. 95 $0.78 | $1.30 

Labor: 3 men at $2 per day for one-half day.................. 3.00 3.00 3.00 3.00 
1 horse at $0.50 per day for one-half day.......-........-...... «25 AAS) 25 225 
MOA COSTS Boks shh sie Ak ah Ae kde. Dees PURSE Daa 3.82 4.20 4.03 4.55 


Costioribwo applications. 524 Jas 55 saan se eee eee 7.64 8.40 8. 06 9.10 


The cost of stripping the vines preliminary to ete will be 
from $1.80 to $2 per acré. 

Comparing the cost of spraying for the red spinee with the loss 
that may result from its ravages, it is evident that money spent in 
controlling this mite will be well invested. 


CULTURAL METHODS. 


Stripping the vines.—The practice of stripping the vines is a common 
one in regions where the hop aphis (Phorodon humuli Schrank) is 
troublesome. A large amount of aphis-breeding foliage is cleared 
from the vines and only the more readily sprayed leaves are left. 

In experimenting along this line several vines were stripped and 
tied together at various points to determine which method would 
most readily facilitate spraying. The lower foliage on vines which 
were not stripped but were tied together 4 feet from the ground 
(fig. 7) was found to be matted and very difficult to spray thoroughly. 
When the lower 3 feet of the vines were stripped and the two vines 
tied at the 4-foot mark (fig. 8), 1 foot of the vine was still in a condi- 
tion difficult to spray. But when stripped and tied a few inches 
below the lower leaves (fig. 9), the vines spread out nicely and the 
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leaves were readily sprayed. It is always difficult to spray thor- 
oughly, and any cultural method which will facilitate effective work 
is worth while. During the early part of the seasons of 1911 and 1912 
the mites were observed upon the lower leaves only and from there 
migrated upward. It is estimated that the stripped area contains 
about 40 or 50 leaves; taking the average number of mites as 42 


Fic. 7.—Hopvine tied high and not stripped; lower leaves difficult to spray. (Original.) 


per leaf for an average infestation, the theoretical number of mites 
that would be removed would be about 1,680 or 2,100 per vine. 

One hopyard which was stripped before the mites were above the 
point to which the vines were to be stripped was observed August 9. 
It was found that the infestation had been materially checked. 

It is believed that timely stripping of the vines and removal and 
burning of the infested leaves will severely check the infestation and 
in some cases where the yards are not filled with food plants will 
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successfully control the mites. Too much faith should not be placed 
in this operation, however, as spraying may have to be resorted to 
as a final measure. The cost of stripping is about $2 per acre and 
is more than offset by the results obtained. 

Irrigation.—Vines which have not a large supply of moisture dry 
and change color more rapidly than those growing in moister soil, 
so that the work of the red spider is most noticeable on light soil in 


Fic. 8—Hopvine tied high and stripped; lower leaves matted and difficult to spray. (Original.) 


the drier parts of the hopyards. Several growers, believing that 
irrigation of the infested vines would counteract the effect of the 
mites, pumped water onto their yards and gave the soil a thorough 
wetting. The vines responded and put out a few fresh leaves, but 
the mites infested these in the same manner as before and reduced the 
quality of the hops in the same proportion as on unirrigated and 
equally infested parts of the adjoining hopyards. Irrigation will not 
control the mites, but when the soil lacks sufficient moisture it wil 


EXPERIMENTS FOR CONTROL. 33 


stimulate the vines, causing them to put out some fresh foliage so 
that the loss in weight of the hops will not be so great as it would be 
otherwise. 

- Fertilization.—In parts of the hopyards where the vines were very 
vigorous, as a result of fertilization, the presence of mites was not so 
noticeable as in parts where the foliage was not so dense. The 
increase of mites was just as rapid, however, and at the end of the 
season the densely foliaged vines were just as badly injured, and the 


Fia. 9.—Hopvine tied low and stripped; leaves readily sprayed. (Original.) 


hops in many cases were discolored. The denser foliage gives a 
larger surface to be injured, and with equal infestation plats with 
light foliage will necessarily be more seriously injured than the 
denser ones. 

Fertilization wil increase the vigor and the productiveness of the 
hopvines and, while it will not in any way control the mites, it should 
be practiced on general principles. 
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Although the red-spider injury is relatively not so great on vines 
invigorated by fertilization, it is present and will be extensive accord- 
ing to the severity of the ifeceatina! 

re culture.—In September, 1911, a block in an infested hopyard 
was carefully cleared of all ee ne in an attempt to destroy all 
of the mites present. When examined October 16, however, a few 
mites were observed on some morning-glory. which had come up since 
the plat was cleared. The practice of clean culture is very important 
and has a great influence upon an infestation, but it can not be relied 
upon as a complete control. 


GENERAL SUMMARY WITH RECOMMENDATIONS. 


The investigation of the control of the red spider on hops has 
brought out the following points: 

Great financial loss may be caused by the red spider. 

The mites on hops are not affected by any form of dry sulphur, but 
are readily killed by several contact insecticides, the cheapest and 
most convenient of which are flour paste (8-100) or a combination 
of lime-sulphur, 36° Baumé (1-100), and flour paste (4-100). To 
get the best results it is essential that the vines should be thoroughly 
sprayed. 

Stripping the vines and burning the leaves is an excellent measure, 
but should not be entirely relied upon as a complete control. When 
the infestation is severe early in the season and the mites are above 
the point of stripping, spraying operations should be commenced as 
soon as the vines are stripped. | | 

The infested area must be thoroughly and rapidly covered and must 
be sprayed a second time, 7 or 10 days later. 

Banding with tree tanglefoot will check migrations and is recom- 
mended where the hopyards are infested by food plants of the red 
spider. 

Two later spray applications may be necessary if the mites again 
appear in injurious numbers. # 

The red spider on the hopvine may be economically contmalled if 
the foregoing measures are carefully carried out. 


CONTROL OF THE RED SPIDER UPON PLANTS OTHER THAN 
HOPS AND COTTON. 


The flour paste, 8-100, as described on pages 24 and 27 of this 
bulletin, is a successful remedy for the control of the red spider 
in its attacks on all plants except sweet pea, carnation, green- 
house roses, and plants having a heavy pubescence on the leaves. 
Experiments have been conducted with this material against the 
mites upon the following plants without the slightest injury to open- 
ing buds, foliage, or fruit: 
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Outdoor plants: Pumpkin, squash, cucumber, roses, violets, box- 
elder, and bean. 

Greenhouse plants: Cucumber, violets, and chrysanthemums. 

Judging from the data gathered in the foregoing experiments this 
spray, when properly used, should control the red spider on all plants 
except those mentioned in the following paragraphs: 

Sweet peas.—The foliage of the sweet pea is very hairy, and that of 
the carnation and greenhouse rose is so smooth that the flour paste 
will not stick to it and therefore does not work satisfactorily. The 
control of mites upon these plants is taken up separately in succeeding 
paragraphs. The finer forms of sulphur are effective upon the red 
spider attacking sweet pea (see p. 22) provided that the plants are 
growing in a warm, sunny place. The sulphur should be thoroughly 
dusted onto the infested plants, the application being repeated every 
week or so. 

Roses.—Most roses can be sprayed with flour paste, 8-100, but the 
leaves of roses grown in greenhouses are so smooth and glossy that 
the paste will not stick to them. The old method of washing them 
with the garden hose remains as the best remedy in this case. 

Carnations —A weak salt or soap solution is used by some growers 
as a control for the red spider, but continual spraying with water is 
the universal method of control. 

Use of sulphur.—As stated on page 22, dry sulphur will control the 
mites upon those plants which expose most of both surfaces of their’ 
leaves to the sun during the day, but the flour-paste spray is so 
cheap, available, and effective that where large areas are involved it 
is recommended in preference to the sulphur treatment. Sulphur, 
however, has proved more or less effective upon the squash, pumpkin, 


sweet pea, and bean. \ 
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There have been few publications issued upon Tetranychus bimacu- 
latus under that name, but it has been recently decided by Mr. Nathan 
Banks, of the Bureau of Entomology, that the cotton red spider 
(Tetranychus gloveri Banks) is synonymous with Tetranychus bimacu- 
latus Harvey, and references to this name are included in the following 
list. It is also more than probable that many of the mites referred 
to by American writers under the name of Tetranychus telarius are 
really 7. bimaculatus, so that the more important references to that 
species are included below. 


1. SAUNDERS, Wu.—Can. Ent., vol. 12, pp. 237-238, fig. 22, 1880. 


Mention as Tetranychus telarius; popular account of red spider on violet. 
2. ATxinson, G. F.—Rept. 8. C. Agr. Exp. Sta. for 1888, pp. 28-29, 1888. 


Mention as Tetranychus telarius; brief notes on injury to cotton. 


3. WasHBuRN, F. L.—Bul. 18, Oreg. Agr. Exp. Sta., p. 10, 1892. 
T.telarius; brief note on red spider, 
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. Harvey, F. L.—Ann. Rept. Maine Agr. Exp. Sta. for 1892, pp. 133-134, 1893. 


Tetranychus bimaculatus n. sp.; describes a new species distinct from the red spider of Europe. 


. Davis, G. C.—Bul. 102, Mich. Agr. Exp. Sta., p. 51, 1893. 


Notes on injury to celery. 


. Perxins, C. H.—10th Ann. Rept. Vt. Agr. Exp. Sta., pp. 75-86, figs. 1-4, 1897. 


An account of the life history and habits of the red spider. 


. Morean, H. A.—Bul. 48, La. Agr. Exp. Sta., pp. 180-135, 1897. 


Notes on the life history and habits of the cotton red spider, with means of control. 


. Human, F.—Bul. 36, Nevada Agr. Exp. Sta., p. 39, 1897. 
. Gorr, E. S.—Bul. 63, Wis. Agr. Exp. Sta., p. 16, 1897. 


Brief notes on the red spider. 


. GatLoway, B. T.—Commercial Violet Culture, pp. 190-198, 1899. 
. Banxs, NatHan.—Tech. Ser. 8, Bur. Ent., U.S. Dept. Agr., pp. 73-74, figs. 10-11, 


ae of hosts and distribution of Tetranychus bimaculatus. 
Banks, NatHan.—Tech. Ser. 8, Bur. Ent., U. S. Dept. Agr., pp. 76-77, fig. 15, 
1900. 
Tetranychus gloveri n. sp.; described as cotton red spider. 
CHITTENDEN, F’. H.—Bul. 27, n. s., Bur. Ent., U. 8. Dept. Agr., pp. 35-42. figs. 
9-11, 1901. 


Account of injury by Tetranychus bimaculatus to roses in greenhouses, etc. 


Titus, E. 8S. G.—Cir. 65, Bur. Ent., U. 8S. Dept. Agr., 1905. 
The cotton red spider ( Tetranychus gloveri Banks). 


GAHAN, A. B.—Bul. 119, Md. Agr. Exp. Sta., pp. 20-21, 1907. 


Tetranychus bimaculatus. <A biologic account. 


Russet, H. M.—Journ. Econ. Ent., vol. 1, pp. 377-380, December, 1908. 
An account of experiments in the control of Tetranychus bimaculatus on snap beans in Florida. 
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Insects and Diseases, pp. 18-19, 1909. 
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Pewanyahus bimaculatus here treated as pest to fruit trees, with an account of its habits and 
the experiments made to control it. 


Davis, J. J—Journ. Econ. Ent., vol. 3, p. 186, April, 1910. 
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Tetranychus telarius; notes on the molting process of our common red spider. 


McGreeor, E. A.—Cir. 150, Bur. Ent., U. S. Dept. Agr., Apr. 25, 1912. 
The common red spider ( Tetranychus bimaculatus). Anextended account, with remedies, deal- 
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LETTER OF TRANSMITTAL. 


U. S. DeparTMENT or AGRICULTURE, 
Bureau or ENToMOLoeGy, 
Washington, D. C., April 24, 1912. 

Sir: I have the honor to transmit herewith for publication a manu- 
script entitled “'The Bean Thrips,” by H. M. Russell, an entomo- 
logical assistant of this bureau. 

This bulletin deals with an insect pest of the family Thripide, 
the study of which has been hitherto largely neglected, and which of 
recent years has attracted considerable attention from an economic 
standpoint, as the cause of immense losses in the Pacific coast regions 
. and elsewhere to truck farmers. The insect is closely related to the 
tobacco thrips, as well as to the onion thrips, to which species are 
chargeable untold losses in the production of these two staples. Ex- 
periments to produce formule and devices with which successfully 
to combat this insect are being perfected, and methods for the com- 
plete control of the pest are early expected. 

I recommend the publication of this manuscript as Bulletin No. 
118 of this bureau. ’ 

Respectfully, L. O. Howarp, 


Chief of Bureau. 
Hon. James W11son, 
Secretary of Agriculture. 
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fre BEAN THRIPS. 
(Heliothrips fasciatus Pergande.) 


INTRODUCTION. 


In the State of California during the past four or five years the 
bean thrips has been reported with increasing frequency as a_serious 
pest to various crops. The common name “ bean thrips ” is somewhat 
of a misnomer, as this insect feeds on many different crops, but is re- 
tained here, as it is well known by that name in California. That 
State, with its long, dry summer, furnishes climatic conditions un- 
usually favorable to the development of thrips, and several species 
have gained such a foothold there as annually to cause a loss of hun- 
dreds of thousands of dollars. 

In the summer of 1909, Mr. R. 8S. Woglum, of the Bureau of En- 
tomology, informed the author that during the summer before he had 
seen hundreds of acres of beans in southern California so seriously 
infested by the bean thrips that they had the appearance of plants 
scorched by fire; and as this thrips seemed to be increasing in num- 
bers and destructiveness it appeared to be the part of wisdom to 
obtain all possible information concerning its life history and control 
before it reached the enormous abundance of the destructive pear 
thrips (Luthrips pyri Daniel). When, therefore, the Bureau of 
Entomology established a field station at Compton, Cal., in Septem- 
ber, 1909, for the study of truck-crop and sugar-beet insects, the 
writer planned, among other projects, to undertake as complete a 
study of this insect as time would permit. With this in mind, the 
bean thrips has been the subject of thorough investigation during the 
years 1910 and 1911. During this time, however, the insect was not 
again so destructive to beans, so that remedies with spray mixtures 
could not be thoroughly tested. Nevertheless, as the life history has 
been worked out and a large fund of information obtained on the dis- 
tribution and habits of this thrips, together with knowledge of a 
natural enemy of some promise, this paper is published at the present 
time. 

At Compton, in Los Angeles County, where the life history of this 
insect was studied by the writer, the temperature is quite cool, since 
the location is near the coast. 
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In the Imperial Valley the life history of the bean thrips and its 


injuries to alfalfa and cotton have been investigated by Mr. V. L. - 


Wildermuth, of this bureau, and where his observations are used 
credit is given in the text.t_ Use has been made of observations, 
by Messrs. P. R. Jones and S. W. Foster, of this bureau, on this insect 
in the more northern points in the State. Since July, 1911, the writer 
has been ably assisted by Mr. John E. Graf. He also wishes to ex- 
press his appreciation to Dr. F. H. Chittenden, under whose direc- 
tions he has conducted the investigation, and to Prof. F. M. Webster 
for the free use of notes obtained by his agents. 


NATURE AND EXTENT OF INJURY. 


The damage caused by the bean thrips is not confined to the foliage, 
but affects as well the fruit and stems of the plant attacked. The 
injury is caused by the method of feeding. 
Both young and adults obtain their food by 
puncturing the leaf tissue with their sharp 
mouthparts and, after lacerating it, with- 
drawing the plant juices at the point of 
attack. Figure 1, although a drawing of a 
different species, gives an idea of the mouth- 
parts of this insect. 

Each time as the contents of the leaf at 
the point attacked are removed, the thrips 
moves to a new point and repeats the opera- 
tion, so that if the insects are abundant or 

“eee the attack is long continued the leaf tissue is 
Pa eae a oie destroyed over the entire surface. As the 
the mouthparts. Much en- supply on one side of the leaf is exhausted 

larged. (After Moulton.) i 

the larve: move around to the other, or if 
adults are present these fly or jump to more tender leaves. The 
infested and badly injured leaves turn yellowish or white, dry up, 
and either drop off or hang lifeless to the plant. Then, as the 
attack continues, successive leaves are attacked until in extreme 
cases the entire plant is killed. 


DESCRIPTION. 


Heliothrips fasciatus belongs to the Suborder Terebrantia and the 
Family Thripide of the Order Thysanoptera, being placed in this 
position because of the downward-curved ovipositor of the female. 
The 8-segmented antenne, with the last segment much longer than 
the 7th, and the reticulated surface of the body, together with the 
pointed spines on the wings, place this insect in the Genus /elio- 

1Mr. Wildermuth studied the insect in its relation to alfalfa, without knowing that it 


was being investigated by the author. His studies, made under quite different climatic 
conditions, add materially to the value of the results obtained. 
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DESCRIPTION. 8) 


thrips. The habits of the larva are also quite characteristic of this 
genus, for the habits of the larve of the greenhouse thrips (/elio- 
thrips hemorrhoidalis Bouché) and of Heliothrips rubrocinctus 
Giard are almost identical with those of the present species. 


THE ADULT FEMALE. 


The adult female (fig. 2) is about one-twenty-fourth of an inch 
in length (0.9815 mm. to 1.1174 mm.; average, 1.0405 mm.) and 
about one-fourth as wide as long (0.2265 mm. to 0.2869 mm.; average 


AN 
‘a 
) 
E> Ce 
= 
7 
Fic. 2.—The bean thrips (Heliothrips fasciatus): a, Adult female; b, ventral side of 
abdominal segment of same; c, antenna of same. a, Greatly enlarged; 0, c, more 


enlarged. (Original.) 


width, 0.2529 mm.) and is fusiform in shape. The head and body 
are black and, under the microscope, are seen to be covered with 
distinct reticulations and short white hairs. The antennz are 5- 
segmented and two and one-half times as long as the head, and are 
held out in front of the body. They are black, more or less banded 
with white, and bear white hairs. The wings are held folded to- 
gether down the middle of the dorsum; they are black, crossed by 
a white band at the base and a white band at three-fourths the dis- 
tance from the base. The wings are fringed with long white hairs. 
The legs are black, banded with white.' 


1For a detailed description of the genus and the species for use of systematists, see 
Hinds’s “ Monograph of the Thysanoptera™ (Proc. U. S. Nat. Mus., vol. 26, 1902), pp. 
174-175. 
51097°—Bull. 118—12——2 


10 THE BEAN THRIPS. 


THE ADULT MALE. 


The male resembles to a great extent the female, as the color 
and the markings are the same, but it is noticeably smaller in size 
and apparently more active. When viewed under the microscope 
the sexual organs are seen to be distinctly different, and in light- 
colored or cleared specimens the testes may be seen as two orange-red 
bodies in the abdomen, and on the middle of each of segments 2 to 6 
on the ventral side are yellowish oval spots. The total length of 
the male is 0.7097 mm. to 0.8002 mm.; the average, 0.7474 mm. The 
greatest width across the mesothorax is 0.1963 mm. to 0.2114 mm.; 
the average, 0.1978 mm. 


RECENTLY EMERGED ADULTS. 


Both sexes, when just emerged, have the head and thorax a light 
yellowish orange, with the eyes and ocelli bright red. The antennz 
are white and ringed with brown, while the wings are dusky, crossed 
by bands of a darker color. The legs are 
white, with ends of each segment more or less 
black. Gradually the color darkens, and in 
a day they all have the fully matured colors, 
as described above. 


_ THE EGG. 


Fic. 3.—The bean thrips: The egg (fig. 3) 1s bean shaped, 0.21 to 
eee ae enlarged. 9 955 mm. in length and 0.105 to 0.12 mm. in 
| width, and is very delicate and thin shelled. 
It is translucent white, with a smooth shining surface. The eggs are 
laid in the tissue of the leaf or in the veins, or even in the stems, and 
in case of beans may be laid in the pods themselves. As the embryo 
within develops, the egg becomes swollen, and the little pocket in 
which it is inserted becomes raised above the leaf surface. The eggs 
may be seen in the leaf tissue if examined with a hand lens before 
the light. Each little egg pocket stands out, because of its lighter 
color, and within the crude outline of the egg may be seen. 

The younger stages of this insect differ distinctly from those of 
Heliothrips hemorrhoidalis* in the dashes of crimson so generally 
present on the sides. 

THE FIRST-STAGE LARVA.” 
(Fig. 4.) 


Length, 0.42 mm.; width of mesothorax, 0.135 mm. General shape fusiform, 


bd 


similar to Heliothrips hemorrhoidalis ; head, antenne, and legs large in propor- 


1 For description of Heliothrips hemorrhoidalis, see ‘‘ The Greenhouse Thrips,” Bul. 64, 
Part VI, Bur. Ent., U. S. Dept. Agr., pp. 46-48, 1909. 
2 Description made while larva was very young and before feeding commenced. 
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tion to rest of the body. Color translucent white. Head large, quadrate; eyes 
reddish; ocelli absent. Antenne 0.195 mm. in length, apparently 7-segmented ; 
basal segment cylindrical, short; second nearly twice as long as first, barrel- 
shaped; third and fourth spindle-shaped, ringed with a few fine hairs; fifth, 
sixth, and seventh slender, nearly equal in length. Legs translucent white. 
Abdomen tapering posteriorly; first eight segments nearly equal in length, last 
two segments longer than others; each abdominal segment with longitudinal 
rows of setz, the tenth with 
four setz about 0.045 mm. in 
length. 

At this stage there seems to 
be nothing to distinguish this 
species from H. hamorrhoidalis. 


THE SECOND-STAGE LARVA. 
(Fig. 5.) 


Length, 1.05 mm.; width of 
mesothorax, 0.27 mm. Shape 
fusiform, about same as larva; 
of mesothorax and metathorax 
long, robust, cylindrical; sides 
of mesothorax and metathorax 
and first five abdominal seg- 
ments nearly parallel;  pro- 
thorax narrowed toward head; 
last five abdominal segments 
tapering to the last segment, 
which is cylindrical and trun- 
cated at end. Color of head 
and prothorax light yellow, 
mesothorax and metathorax 
and first six segments of abdo- 
men translucent white, stained 
on sides with crimson blotches 
and with yellow on dorsum to 
some extent; next three seg- 
ments of abdomen the color of 
head, last segment of abdomen 
white; alimentary tract plainly 
indicated by the brownish color 
given it by inclosed food. Surface of body covered with minute granulations. 
Head quadrate, rounded in front and notched behind the eyes, 0.12 mm. long, 
0.0825 mm. wide; eyes small, reddish: ocelli absent. Antenne 7T-segmented, first 
four segments the color of head, the others translucent white; first segment 
short, cylindrical; second longer, barrel-shaped; third and fourth spindle-shaped 
and annulated; fifth, sixth, and seventh slender and cylindrical. Legs long, 
yellowish. Abdomen 0.60 mm. in length, fusiform, ovipositor not formed; seg- 
ments with rows of fine sete increasing in length toward posterior end; ninth 
and tenth segments with longer seti. 


Vic, 4.—The bean thrips: First-stage larva. Greatly 
enlarged. (Original.) 
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THE YOUNG NYMPH OR PREPUPA. 
(Fig. 6.) 


Length, 1.02 mm.; width of mesothorax, 0,255 mm. Shape fusiform, similar 
to adult. Head, length, 0.09 mm.; width at eyes, 0.157 mm. Head translucent 
white, vertex slightly yellowish, ocelli absent. Head rounded in front, slightly 
notched behind the eyes; eyes red, made up of a few facets, surface faintly 
reticulated ; two pairs of sete behind the eyes and two pairs between the eyes. 
Antenne translucent white, extending forward, 0.195 mm. in length; segments 
indistinct but apparently 7-segmented. 

Prothorax about one-half again as wide as long, sides rounded, posterior edge 
broadest, semitranslucent white to yellow, posterior angles tinted with crimson, 


Fic. 5.—The bean thrips: Second- Fig. 6.—The bean thrips: Prepupa. 
stage larva. Greatly enlarged. Greatly enlarged. (Original.) 
(Original.) 


setze around margin. Mesothorax with rounded angles, translucent white to 
faint yellow, sides and posterior angles tinted with crimson, wing-cases trans- 
parent white, distinct from each other, those of forewings extending to middle 
of second abdominal segment and those of hind wings extending to middle of 
third abdominal segment. Legs strong, translucent white. 

Abdomen fusiform as in adult, translucent white to faint yellowish, edges 
with tint of crimson, which enlarges to fair-sized blotches on sides of seventh 
and eighth segments; number of longitudinal rows of set# increasing in length 
toward posterior end. Length of abdomen, 0.62 mm. 


DESCRIPTION. te 


THE FULL-GROWN NYMPH OR PUPA. 


(Fig. 7.) 


Length, 0.99-1.09 mm.; width at mesothoracie angles, 0.24-0.255 mm. Shape 
similar to that of adult. Color orange; posterior border of prothorax, 
mesothoracic angles, sides, and abdominal segments 2, 3, 6, and 7 more or less 
erimson. Head, length, 0.11 mm.; width, 0.18 mm.; orange, apparently faintly 
reticulated; eyes dark red, larger than in prepupal stage, facets small. Three 
ocelli present in close triangle between eyes, in color yellow. Antenne laid 
backward on head and reaching to beyond middle of prothorax; segments in- 
distinct, translucent white; 
segments 1 and 2 projecting 
in front of the head and 2 
with four sete or hairs, two 
extending forward, about 
0.01385 mm, in length. Tho- 
rax light orange or yellow. 
Prothorax about twice as 
wide as long. Wing-cases 
0.54 mm. long, extending to 
seventh abdominal segment, 
translucent white. length 
from head to end of wing- 
pads, 0.825mm. Legs trans- 
lucent white. Abdomen 
fusiform, similar to adult, 
surface plainly reticulated 
in older specimens, sete 
weil developed, the longest 
ones at posterior end. 
Length of abdomen, 0.612 
mie wick, 0.31 mm.; 
length of posterior sets, 
0.085 mm. 

The younger stages of this 
insect differ distinctly from 
those of H. hemorrhoidalis? 
in the dashes of crimson so 
generally present on the 
sides. 


[ 
f 
ae 
[ 
/ 


A : 
ee eke Se 
ws” 

ce I nis tae 


Leet 
; 


~ 


The pupa of the male 
is shorter and more slen- 
der than that of the fe- Fig. 7.—The bean eke Greatly enlarged. 
male. This pupa differs Panera 
from 1. hemorrhoidalis in its smaller size, in its yellow color, with 
the sides of the abdomen more or less stained with crimson, and in 
having the hairs of the body longer and the second segment of the 
antennee with two long sete. 

The foregoing descriptions are for the parts of California in Los 
Angeles County and more northern points, for Mr. Wildermuth 


‘For description of Heliothrips hamorrhoidalis, see “The Greenhouse Thrips,” Bul. 64. 
Part VI, Bur. Ent., U. S. Dept. Agr., pp. 46-48, 1909. 
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found that the different stages in the Imperial Valley lacked the red 
markings except in the cooler weather of the late fall. 


ORIGIN AND DISTRIBUTION. 


This insect was first described by Mr. Theodore Pergande from 
specimens taken in Yuba County, Cal. A few years later he identi- 
fied a thrips from Lewiston, Idaho, as this same species. 

Mr. Dudley Moulton reported that this species had been collected 
in Colusa County by Mr. E. K. Carnes, in Santa Rosa County by 
Mr. O. E. Bremner, and in the Santa Cruz Mountains, Santa Clara’ 
County, by himself. Mr. D. L. Crawford recorded fasciatus from 
Santa Paula, Ventura County, Cal., and from Claremont and Chino, 
Cal. Mr. William B. Parker, of this bureau, collected it at Davis and 
Hamilton City, Cal. Mr. P. R. Jones, engaged in pear thrips in- 
vestigations, reports that this insect occurs very commonly around 
Lindsay and San Jose, Cal. Mr. 8. W. Foster, while engaged in the 
same investigation, collected this insect from Martinez, Cal., and later 
found it “ frequently throughout Contra Costa County.” 

Mr. V. L. Wildermuth, engaged in cereal and forage insect in- 
vestigations, has collected this insect in California at Indio, River- 
side County, and at Bard, El Centro, and Holtville, Imperial County, 
and in Arizona at Yuma, Yuma County, Buckeye and Tempe, Mari- 
copa County, and Sacaton, Pinal County. 

During the present investigation the writer has collected this insect 
quite extensively from many places in southern California. In 1910 
it was found to be very abundant on wild lettuce in several yards 
and alleys in the city of Los Angeles itself. At various times it 
has been collected from Bell, Compton, Gardena, Glendale, Holly- 
wood, Laurel Canyon, Puente, San Gabriel, Sierra Madre, Tropico, 
and Whittier, in Los Angeles County. In Laurel Canyon the author 
found it feeding on wild food plants in uncleared land about 6 miles 
from cultivated fields. It was also collected near the entrance of the 
canyon, scattered over the mountain sides on various wild plants. At 
Sierra Madre it was taken at an elevation of 750 feet. 

It was also collected at Garden Grove, Huntington Beach, Smelt- 
zer, and Sunset Beach, in Orange County, Cal. While on a trip in 
October, 1910, the author found this insect to be generally distributed 
throughout the town of Oxnard, and in Montalvo and the entire 
outlying sugar-beet district of Ventura County. : 

In February, 1911, the author made a trip to San Diego to investi- 
gate the conditions in reference to truck crops there, and in Mission 
Valley—a long, narrow, and fertile valley lying to the north of San 
Diego, and devoted to truck crops—this insect was found feeding to 
some extent on pea vines. The writer left California for Washing- 
ton, D. C., in September, 1911, and while delayed at Sparks, Nev., 
he examined several clumps of wild lettuce growing along the rail- 
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road track and collected both larval and adult forms of the bean 
thrips upon this plant. 

Mr. A. C. Morgan, of this bureau, recently reported to the writer 
that he had collected the species on October 10, 1910, at Clarksville, 
Tenn. The fact that this insect is so widely distributed in all parts 
of California seems to point strongly to that State as its original 
home. This is also strongly supported by the fact that Moulton 
collected it from wild vetch in the Santa Cruz Mountains and that 
the writer collected it in wild, uncultivated tracts in the mountains 
and canyons north of Los Angeles, 5 and 6 miles from cultivated 
crops. This point of view is further strengthened, because the au- 
thor has found this insect feeding on more than 20 native wild 
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Fig. 8.—Map showing present known distribution of the bean thrips (//eliothrips fasciatus). 
(Original. ) 

Mr. J. D. Hood, formerly of the office of the State entomologist 
of Illinois, recently informed the writer that he possessed specimens 
of this thrips that were collected by Prof. Lawrence Bruner at 
Lincoln, Nebr., February 14, 1899, and that he had collected this 
same species at Urbana, IIl., in March, 1907. In both cases the 
thrips were taken on California oranges and had evidently been car- 
ried across the country while hibernating in the navel end of the 
fruit. This is an excellent illustration of how this insect may be 
distributed through the agency of man. 

Although this insect is quite minute and has been little studied, 
at the present time it is known to occur through the entire State of 
California, in several places in Arizona, in Nevada, and in Idaho 
near the Washington State line. It has also been found in one 
locality in Tennessee. Figure 8 has been prepared to show the 
present definite localities where this insect has been observed. 
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Without doubt this insect occurs over the entire Pacific coast of 
the United States and down into Mexico for some distance and pos- 
sibly even into Central America. As it becomes better known it 
will probably be found to occur in several of the other Western 
States and some of the Eastern States as well. 


“HISTORY. 


In 1895 Mr. Theodore Pergande (1)? described this species from one 
specimen received from Yuba County, Cal., where it was taken on 
an orange leaf infested with (Aspidiotus) Chrysomphalus aurantii 
Mask. At that time he expressed the opinion that the occurrence 
on this plant was accidental. In view of our present knowledge, 
however, of the feeding habits of this insect, this specimen was 
probably feeding on the folage of the orange itself. 

In 1902 Hinds (3) redescribed the female from one specimen in 
the collection of the Bureau of Entomology. At that time he wrote 
that nothing was known of the life history. 

Miss Daniels (4), writing in 1904, noted the occurrence of this 
thrips in California. At the same time she erected a new genus and 
species, Caliothrips woodworthi (4), for the male of Heliothrips 
fasciatus. ‘This error was first pointed out by Dudley Moulton (6) 
in 1907, and the present writer agrees with him, as the male of 
fasciatus fits the description exactly except in the number of an- 
tennal segments. Undoubtedly Miss Daniels made a mistake in the 
number of segments inthe antenna, since fasciatus is 8-segmented only. 

Crawford (7), in 1909, under “ Notes on California Thysanop- 
tera,’ records taking numerous specimens in southern California. 
These were captured on pine, Lotus glaber, and apple. 

Under the name Futhrips fasciatus, Bremner (8), in 1910, reported 
this insect as injuring beans and peas and as occurring on alfalfa 
and on peach and pear trees. He recommended spraying with nico- 
tine solutions, and wrote that of these sulphate of nicotine in the 
proportion of 1 ounce to 5 gallons of water had given perfect 
success. : 

In 1911 Coit and Packard (9) wrote that the bean thrips caused 
considerable defoliation to cotton and alfalfa in Imperial Valley, Cal. 
Moulton (10) also gave a list of its food plants. 

The present writer, in 1911 (12) and also in 1912 (13), published 
two papers dealing with the life history and habits of Thripoctenus 
russelli Crawf., a parasite reared in large numbers from this thrips. 


RECENT RECORDS. 


This species, as identified by Mr. Pergande, was sent to the Bureau 
of Entomology January 25, 1898, by Mr. M. J. Wessels, of Lewiston, 


1 Numbers in parentheses refer to the Bibliography, pp. 44-45. 
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Idaho, who collected it in a diseased spot of a crab apple. On August 
27, 1908, Mr. I. J. Condit sent in specimens of this thrips from 
Davis, Cal., where they were injuring sugar beets. He wrote: — 

I examined the beets and found them literally covered with thrips, both the 
surface and underside of the leaves being badly infested. There were very 
few leaves which were not attacked, most of them having the appearance of 
the specimens sent. A field of tomatoes near by was also becoming infested. 
The lower leaves especially were yellow and some falling off. 

Mr. S. W. Foster informed the writer that on August 26, 1909, 
Mr. Frank T. Swett, of Martinez, Cal., sent to the laboratory of 
the Bureau of Entomology at Walnut Creek, Cal., a quantity of 
pear leaves badly injured by this species. On August 31 Mr. Foster 
visited the orchard and found the injury quite noticeable. He wrote 
that “the foliage gave the appearance from a distance of having 
been scalded.” Mr. V. L. Wildermuth, of this bureau, sent speci- 
mens taken on alfalfa at Indio, Cal., on July 2, 1910. Mr. A. 
McLachlan, of Davis, Cal., sent in specimens of this thrips on 
October 13, 1910, with the report that they were injuring the buds 
and tips of cotton. 

Mr. W. B. Parker, of this bureau, under date of August 25, 1911, 
sent this insect from Davis, Cal., with the statement that it was 
causing serious damage to the foilage of the sugar beet. He also 
collected it on sugar beets at Hamilton City, Cal., on September 18, 
1911, where it was causing some injury. He wrote, however, that: 
owing to the lateness of the season when the beets were attacked 
probably only slight damage resulted. 


HABITS OF THE ADULT. 


For a short time after emerging from the pupa this insect remains 
quiet and appears to be waiting for its limbs to harden. During 
this time the colors, which were light at emergence, gradually darken. 
A fter hardening the thrips moves off and begins feeding. 


METHOD OF MATING. 


The males and females of this species seem to emerge from the 
pupa at about the same time. During this investigation it was ob- 
served that, under laboratory conditions at least, the sexes mated 
generally in from two to three days after emergence and in some 
cases in even less time. This operation has been observed both in 
the field and in the laboratory and was identical under both condi- 
tions. This is probably best described by the original field notes 
male at the time of observation. 

51097°—Bull. 118—12—3 
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The male,t when inclined to copulate, picks out a female, and if 
she 1s moving over the leaf runs after her and jumps or alights on her 
back. In some cases he then spreads the wings and moves them up 
and down, at the same time moving the tip of the abdomen in the 
same manner. In other cases the male, after leaping onto the back 
of the female, remains motionless for some time in that position. It 
then exserts the copulatory organs from the tip of the abdomen and 
shifts around toward the side of the female, at the same time bend- 
ing the abdomen under to the ventral side of that of the female. The 
copulating organs are then moved back and forth until they en- 
counter those of the female. In some cases observed, when the male 
did not succeed in connection, it would withdraw to its former posi- 
tion on the female and after remaining quiet for a short time would 
move over and attempt the act on the opposite side. As soon as con- 
nection is made the male remains motionless for a short time, during 
which period the female, in many cases, crawls slowly around on 
the leaf. After a few minutes the male relinquishes his hold with 
the copulating organs and moves squarely back onto the dorsum of 
the female. Soon after the male crawls off and away from the female. 
This entire operation was observed in three cases to occupy 3, 5, and 
10 minutes. Several cases were observed where two males attempted 
copulation with the same female, but, after a vain atlemay one 
generally left her. 


METHOD AND TIME OF OVIPOSITION. 


Exactly how much time elapses between copulation and oviposition 
was not observed, but probably not more than a day, so that the 
female will begin oviposition within three days from the time she 
emerges from the pupa. In one case adults emerged on July 19, 
1911, and eggs were laid four days later. 

Oviposition usually takes place during the night, but has been 
observed at 2, 3, and 4.30 in the afternoon. A female engaged in 
oviposition was observed to crawl over the leaf of the food plant 
for a short distance and then to stop and scrape a hole in the leaf 
with her mouth cone. This was accomplished by a slight forward 
and backward motion like that of a chisel. In a short time the 
female ceased this action and moving forward until she could place 
the tip of the abdomen where the ‘tissue had been ruptured, arched 
the abdomen in the middle, and brought the tip to the opening in 


1 Pietro Buffa (Atti Soc. Toscano Soc. Nat. Mem., vol. 23, p. 48, 1907) figures Wolothrips 
fasciatus, female and male in copulation, in a position identical with that observed by 
the writer in Heliothrips fasciatus on many different occasions. 

A. F. Shull (A Biological Survey of the Sand Dune Region of Saginaw Bay, Mich., 
pp. 190-192), describing copulation in the suborder Terebrantia, expresses doubt as to 
the position of the male on the back of the female during copulation. As his observa- 
tions on Huthrips tritici were made under unfavorable conditions his conclusions were 
probably erroneous. 
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the leaf surface. She then proceeded to work the ovipositor back 
and forth in the rupture until she had made an incision of sufficient 
depth. After this she became motionless for a varying length of 
time, while the egg was being deposited, whereupon the ovipositor 
was removed, and the female moved away. 

A number of cases have been observed where the female, after 
inserting the ovipositor, could not withdraw it, and, thus held, she 
‘soon died. 

NUMBER OF EGGS AND PERIOD OF OVIPOSITION. 


Owing to the artificial means used in studying the habits of this 
insect it was impossible to determine exactly how many eggs a 
female is capable of laying. However, the writer confined 6 fe- 
males in a vial for observation. They laid an average of 35.5 eggs 
each, while the highest average for any day was 5.5 eggs each. 
Another female, during the period from August 16 to August 23, 
1911, laid 16 eggs, the greatest number laid in any one day being 5. 
At Compton, Cal., during 1911, females kept in confinement were 
observed. to oviposit for 30 days in succession, while others were 
observed to oviposit 51 and 83 days after they emerged from the 
pupe. If this insect normally continues oviposition regularly over 
2 period of 83 days the total number of eggs laid must be very large. 

Mr. VY. L. Wildermuth, while in the Imperial Valley, made some 
interesting notes on the number of eggs this species may deposit. 
On August 2, 1910, he confined 2 females on leaves of alfalfa in 
a vial, and on August 5 these leaves contained 50 eggs, or an average 
of 25 eggs each in 38 days. His other observations are given in 
Table I. . 


TABLE I.—Nuwmber of eggs deposited by the bean thrips (Heliothrips fasciatus), 
Imperial Valley, Cal., 1910. 


Date and number of eggs. Total 
ae Date female period of ed 
N was put in vial. Oviposi- fee 
_ 1910. | Eggs.| 1910. | Eggs.| 1910. | Eggs.|Dead.| tion. | 9 ©88S- 
| 
1910. Days. 
Ae. 29.05... Sept. 1 36 | Sept. 2 6 | Sept. 6 37 2 7 79 
ie Oe) Sept. 4 co ee cata ramen ieee] (ae ery a at 3 42 
es Does. .| Sept. if SEAM Le Sea a ae fil a eae a eee 6 53 
2 | eee Qe es ton x Sept. 1 A) eee ra rneere mes rare Bit r. Wae Se cl ack eaek. 1 20 
1911. 
5 | Sept. 281...... Sept. 30 12°) Oct. 3 2 | Octs = 1 24 
| Oct. 21 1 el ES eer Pe seach, ADS cyan 46 134 
foNGve, J 27 | Noy. 11 11 


1 Record made at Tempe, Ariz. 


In these experiments the longest period of oviposition was 46 days, 
and the largest number of eggs laid by a single female, 154. 

It will be observed from these figures that the females observed by 
Mr. Wildermuth deposited more eggs and at a more rapid daily rate 
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than those observed by the writer. This may have been due to the 


higher temperature of the Imperial Valley and vicinity, where his . 


observations were made. Mr. Wildermuth noted adults in copula- 
tion the day that they emerged, and oviposition on the following 
date. He also observed this species to oviposit during the entire day, 
whereas the writer never observed it to oviposit except in the after- 
noon or night. 

PROPORTION OF THE SEXES. 


The bean thrips was under the observation of the writer for a 
period of more than two years, during which time it had been ob- 
served in the field at all times of the year. In all observations made 
during the investigation of this insect the males and females were 
collected together and copulation was observed from early in Febru- 
ary until reproduction ceased late in the fall. - Apparently the 
females outnumber the males, but this may be due to the fact that 
the females are not quite so active as the males, and are not dis- 
turbed on the plants when examined. On June 9, 1911, out of 17 
specimens reared in the laboratory 9 were females and 8 males. July 
17, 1911, the writer examined another series of live adults that were 
reared in the laboratory. Out of 106, 80 were females and 26 males. 
A third series of reared adults was examined October 16, 1911, and 
out of 44 adults 32 were females and 12 males. Apparently the per- 
centage of females is too high and does not indicate the exact rela- 
tion between the sexes. ; ; 


KINDS OF REPRODUCTION. 


In all observations made on this topic reproduction has been 
bisexual, and in view of the fact that males were observed at all 
times and copulation also occurred at all times in the year when 
this insect was active, this would seem to be the usual method. How- 
ever, although the few experiments made to determine whether 
parthenogenesis occurred gave negative results, in view of the pre- 
ponderance of females during certain parts of the season it is quite 
probable that asexual reproduction may occur. It would seem that 
this method would occur under certain conditions, especially in 
view of the fact that the greenhouse thrips (Heliothrips hemorrhot- 
dalis)* reproduces, so far as we know, asexually only, the male hav- 
ing never been discovered. 


FEEDING HABITS. 


Both the adult and larva of this thrips injure the host by feeding 
on the foliage. As in the case of the greenhouse thrips, the lower 


1“ The Greenhouse Thrips,’ Bul. 64, Bur. Ent., U. S. Dept. Agr. 
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and earlier leaves are first attacked in the spring by the adults. 
These feed on the underside of the leaves, scraping out the leaf 
content in small spots that become white and conspicuous. Often 
the adults move along and leave a chain of white spots to mark their 
progress. The adults also feed to some extent on the surface. 
As they feed the females deposit their eggs in the leaf tissues, and 
as soon as incubation is completed the larve hatch and join the 
adults on the leaves. Under these conditions the leaves become more 
or less dried and lifeless, and the adults move to the higher and more 
tender leaves of the plant. In this way the entire plant may become 
infested. On February 5, 1911, the writer found the adults of this 
insect extremely abundant in the pea field of some Chinese truckers 
at Hollywood, Cal. Here nearly every plant had 7 or 8 adults feed- 
ing on the underside of the foliage, and in many cases 5 and 6 were 
present on each leaf. On August 18 of the same year in the same 
locality plants of spiny wild lettuce (Lactuca scariola) were observed 
that had 50 adults feeding on a single leaf. 

The adults seem to feed on a large variety of plants and have been 
found feeding on all of the plants given under “ List of food plants.” 
It may be well to state at this point that the presence of adults on a 
plant has not been considered sufficient evidence to class that plant 
as a food plant, but whenever larve of this insect were taken on a 
plant, this was considered sufficient to rank the plant as a host. 

In the spring when the adults leave hibernation they collect on 
the wild food plants present and feed on them until their injury, 
due to an increase in numbers and feeding, weakens the plants and 
shortens the food supply; then they fly to fresh plants of the same 
hosts or to cultivated crops and fruit trees nearby. Of all the food 
plants observed, the spiny wild lettuce (Lactuca scariola) seems to 
be the most favored. This plant has been found to be infested more 
heavily than any of the other food plants concerned, not excepting 
those of economic importance. 


FLIGHT. 


The present writer in his investigations of the greenhouse thrips ? 
never observed that insect to take flight naturally, or even when dis- 
turbed. The adults of Heliothrips fasciatus, on the contrary, take 
flight very readily, and if jarred or disturbed will usually fly or jump. 
This species in taking flight raises the tip of the abdomen quickly, 
and separates the wings. It then rises straight up into the air and 
flies rapidly away in short undulating curves. Indeed, to the un- 
trained eye it appears, in flight, exactly like a small speck of soot 
being blown around by a slight breeze. This power of flight aids 
greatly in the dispersion of this insect during the spring and summer. 


1 Loc. cit. 
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LEAPING. 


This species possesses the power to leap actively and, considering 
its size, to a considerable distance. It is no uncommon occurrence for 
the specimens which are being examined upon a plant to leap off and 
be lost. Like the greenhouse thrips, it will crawl over the leaves 
rapidly when disturbed. At other times it will remain motionless 
for a considerable period, lying closely to the surface of the leaf along 
one of the veins. 


NORMAL LENGTH OF LIFE. 


The length of life of this insect as an adult has been determined 
under the artificial conditions of confinement in vials containing 
fresh leaves of the food plant. As often as these lost their freshness 
other leaves were put in and the adults were changed with a camel’s- 
hair brush. : 

Even under these conditions the length of life observed for some 
individuals was surprisingly long, when we consider the minute size 
of the insect. During these experiments it. was observed that these 
insects were very sensitive to humidity or a lack of it and all were 
soon killed whenever the vials used in confining them became too dry. 
Table II shows the results of these experiments in which some thrips 
lived for 84 days. 


Taste Il.—Length of life of adult bean thrips at Compton, Cal., 1911. 


Specimens died. \ 
P Last Maximum 


Date adults emerged from pupa. EO —————— adult length of 


emerged. : : 
" Date. |Number.| ed. fe 
iE 3 / Days. 
: ay : 
PMO TUAGY 2 Sac ie cee eee oe aeane teens cee eee eee ee 3 {May rl 1 \wray 22 37 
May 8 { i 
JNg op etl COR ies aeeiene sail toes ae Meg etn ee Tere, eee Ve ue Dele 11 };May 18 1 |pJuly 143) 84 
May 26 1 
June 5 il 
é June 17 5 
June 5 Soo noe ci See Cian eo eo aoe oe Soc eee ose Sos 9 frase 1 3 \aug. 14 F 71 
July 22 2 
July 25 2 
J July 26 2 o 
SF La yl Os es Seek scte be See ee ene enews ge aes 14 Aug. 8 9 Aug. 21 34 
Aug. 12 2 
Aug. 17 a 
1 Dead. 2 Lost. 3 Male and female. 


LENGTH OF LIFE IN WINTER. 


A number of adults were collected from host plants on November 
18, 1910, and were placed in vials and furnished with fresh leaves at 
intervals, and some lived in confinement in this manner until Febru- 
ary 1, 1911, by which time all had died. On January 16, 1911, a num- 


es 
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ber of adults were taken from the open on leaves of nasturtium and 
were placed in vials. These died in April, giving a length of life 
after being collected of 92 days. As adults have never been observed 
to emerge from pupz later than December 27, these adults must have 
been at least 21 days old when collected, so that they lived about 113 
days. Probably hibernating individuals live as long as 5 months. 


HABITS OF THE LARVA. 


In observing the habits of the larva of this thrips, the writer was 
constantly impressed with the great similarity that existed between 
this species arid the greenhouse thrips. This is so great that the 
description of habits of the one would almost equally fit the other. — 


HATCHING. 


Apparently the hatching process may occur at any time during 
the day. Many have been observed hatching early in the morning 
and one larva was observed emerging from the egg cavity at 4.25 
p.m. Very slowly this larva pushed its way out of the egg cavity,! 
during which time the appendages were all held closely appressed 
to the body and were invisible. As soon as the body was nearly out 
the insect began a slow forward and backward movement and at 
4.40 p. m. all but the tip of the abdomen was free, while the larva pro- 
jected straight out from the leaf surface. While held in this position 
it began slowly to unfold the limbs and antenne and move them 
around. The motion was very feeble at first, but gradually the larva 
seemed to gain strength and at 4.48 p. m. it bent over and, grasping 
the leaf surface, began to pull with its limbs in order to free itself. 
This was accomplished at 4.53 p. m., making the total period required 
in emerging from the egg 28 minutes. 

The larve of this insect after hatching move away a short distance, 
then appear to rest for a few minutes until they become stronger. 
Within a short time, however, they move on and soon commence 
feeding. When first hatched the larve are very minute and almost 
colorless, but as they begin to feed and drain the green coloring 
matter from the leaf the alimentary tract becomes plainly visible 
from the contained food. In a few days the color of the body 
becomes more or less yellowish and blotched with crimson. In com- 
mon with other species of Heliothrips, the larve of the present 
species keep the tip of the abdomen elevated and carry around on it 
a small globule of reddish liquid excrement. Gradually this globule 
increases in size until it is too large to be carried any longer and it 
falls to the leaf surface. Here in time it dries and forms a black 
spot or scale. The occurrence of these spots on the leaf of a plant 

17This larva emerges from the egg by the same method that is used by the conchuela 


(Pentatoma ligata Say) as described by Morrill (Bul. 86, Bur. Ent., U. S. Dept. Agr., pp. 
38-39). 
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marked by feeding of some thrips furnishes good evidence that the 
bean thrips has been feeding there at some time. The larve feed in 
much the same manner as the adult, the mouthparts being practically 
the same. They gradually scrape out the contents of the leaf, leav- 
ing silvery spots, which as they become abundant often unite and | 
gradually destroy the vitality of the leaf. Most of the eggs seem to 
be laid on the underside of the leaves, although the writer has ob- 
served eggs to hatch from the upper side also. As a consequence 
the larvee begin feeding largely on the underside of the leaves. After 
hatching they do not move far before commencing to feed, during 
which time, under ordinary conditions, they move very little. When 
plants are first infested the larvae seem to feed close to the leaf 
veins, but as they become more abundant they scatter in groups over 
the entire leaf surface. Like those of the greenhouse thrips the 
larve of this species seem to cluster in colonies and unless disturbed, 
or in need of fresh food, remain thus. The colonies are in many cases 
found in between.two veins of the leaves. When disturbed the larvie 
will violently twitch the end of the abdomen with its drop of liquid 
and move away rapidly. Apparently this is used as a means of de- 
fense, for the writer, 11 work with a parasite of this thrips, observed 
at times that these larvee when touched from in front by the parasite 
flung the abdomen around and moved rapidly away. When this oc- 
curred the parasite generally retreated, but returned to the attack 
and later usually succeeded in ovipositing in its host. 

The larve and adults of this thrips feed together in colonies, and 
as the leaves become crowded or dry from excessive feeding the 
larvee move in search of fresh food. Gradually the whole under- 
side of the leaf attacked becomes infested by the larve and then 
the surface as well. In fact, the writer has seen leaves so heavily 
infested by the larve of this thrips as to give them a decidedly . 
larvee move in search of fresh food food. Gradually the whole under 
reddish color, due to the bodies of the insects. So far this larva 
has not been observed feeding in the blossoms of any plant, 
but in some cases it has been observed feeding on green tomatoes, 
and when bean vines are badly infested the pods are also attacked. 
Indeed, when excessively abundant, these insects will not only 
cover both sides of the leaves, but the stem of the plant as well. 
The larve as a rule feed unprotected on the leaf, but at times may 
be found feeding under the protection of red-spider webs. 

Apparently these minute creatures are not affected by dust, as 
the writer has found them feeding in large numbers on leaves of 
spiny lettuce in an alley in the city of Los Angeles when the leaves 
were so thickly covered with dust as completely to hide the surface. 
It would seem that with the enormous clouds of dust that arise in 
this section during the entire summer, completely coating the larve, 
they would speedily succumb. 
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As an illustration of how abundant this insect may become, the 
following observations are given: On August 31, 1909, Mr. Foster, 
of this bureau, found it severely infesting pear foliage at Martinez, 
Cal., and noted as many as 200 larve on one side of a leaf. On 
July 28, 1910, the writer found some plants of spiny lettuce badly 
infested by the larve of this thrips, and 10 leaves gave a total infes- 
tation of 733. (See Table III.) This gave an average of 73.3 to each 

leaf. 


TABLE III.—IJnfestation of Lactuca scariola by larve of the bean thrips. 


| Number | Number Total Number | Number]! Total 
No. of | of larvee | of larvee |numberof}| No. of | oflarvee | of larvee | number 
leaf. | onunder | onnnper|  larve leaf. | on under | on upper | of larvee 
side. side. on leaf. side. side. on leaf. 

1 70 a dit 7 44 47 91 

2 34 39 73 8 61 30 91 

3 2 45 9 70 if 71 

4 3 2 10 23 Si, 55 
5 59 47 106 

6 46 46 92 480 253 733 


On July 18, 1911, at Hollywood, Cal., leaves of spiny lettuce were 
found that had several hundred larve toa leaf. September 22, 1910, 
Mr. Wildermuth observed a field of cotton at El Centro, Cal., show- 
ing considerable injury by this insect, and counted as many as 200 
larvee to a single leaf. 

MOLTING. 


The larva molts once, giving two larval instars, then molts to the 
prepupal stage. On July 28, 1910, a number of larve that had just 
hatched were separated and on August 2 these all molted. On August 
7 they again molted and changed to prepupe. This gave the first 
instar a length of five days and the second a length of five days. The 
process of molting in the larva is continued unprotected in the midst 
of the feeding colony. After molting the skin is left adhering to the 
leaf beside the feeding larva. 

It was observed with the larvee of this species and of those of the 
greenhouse thrips that when they were exposed to a low temperature 
the entire development was checked and growth remained stationary 
during the exposure. In long-continued exposures the insects were 
killed, but if within three weeks they were again removed to higher 
temperatures the larve resumed their growth and pupated in a 
few days. ; | 

Under the artificial conditions of rearing in vials the mature 
larvee seek concealment before pupation in curled-up leaves, in all 
kinds of protected places, and if in vials closed with cotton plugs 
they work their way in between the plug and side of the vial. In 
the field, however, the larvae when full grown desert the plants and 
hide in rubbish and cracks in the ground or beneath clods of earth. 
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The molting from larva to prepupa under laboratory conditions has 
been observed many times. On April 10, 1911, a mature larva was 
observed to begin the process at 4.05 in the afternoon. After remain- 
ing motionless for some time it arched its body, and shortly after 
the skin split down the head behind the antenne. The head grad- 
ually forced its way out of the opening, then the body followed, the 
old skin being slipped off behind. This molting was completed at 
4.21 p. m. 


HABITS OF THE PREPUPA AND PUPA. 


The prepupee of this insect are found in company with the pups 
and full-grown larvee in small social colonies. These hold the 
antenne out in front of the body and move about to some extent. 
The pupeze, however, carry the antennee folded back on the héad and 
thorax and remain motionless unless disturbed or exposed to the 
light, in which cases they will slowly crawl away. When com- 


pelled to pupate in ‘closed vials the prepupe and pupe occur in- 


large numbers closely packed together along the edge of the vial 
and the cotton plug or buried in the cotton itself. In nature it has 
quite different habits. While the greenhouse thrips under natural 
conditions pupates on the leaf of the food plant in among the feeding 
larvee, with the bean thrips this seldom takes place, and during the 
two years this species has been under observation by the writer only 
three pupx have been found on the plants infested by hundreds of 
thousands of larvee. In one case a pupa was found under the web of 
the red spider near the midrib of a leaf of spiny lettuce; in another, 
one was found under a web of red spider on a leaf of the wild tobacco 
flower; and the third was found in a curled-up lettuce leaf. | 

December 17, 1910, a quantity of the dead leaves of wild helio- 
trope were collected on the ground under infested plants. Prolonged 
sifting revealed the presence of a single pupa. In 1911, the prepupze 
and pups were found by Mr. John E. Graf and the writer to be 
very abundant in infested bean fields under clods or lumps of dry 
earth and in cracks or holes in the lumps. Upon exposure to the 
light these at once began to move away in search of darkness. 

Mr. Wildermuth also found the pupe of this insect underground. 
He wrote in his notes on September 28: 

While searching by aid of a binocular for pups, I found one pupa, one 
prepupa, and two (mature) larve just at the crown of the plant and beneath 
the soil; one pupa about cne-fourth inch below the surface of the soil in an 
oval cavity about three times as long as the pupa itself; one prepupa between a 
dead leaf and the soil. Never have I found a pupa above the surface of the 
ground, on the leaves of the plant, or between the sheath leaves and the stem, 
as frequently occurs in confinement. 

The molting of the prepupa to the pupal stage is very similar to 
that deser*bed for the change of the larva to the prepupa. It takes 
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place in whatever location the prepupa may be, and the transparent 
and delicate empty skin is found behind the pupa. It was observed 
during the fall that pupz exposed to a low temperature did not com- 
plete their development to the adult stage. These, when later placed 
in the greenhouse, changed to adults unless exposed to the unfavorable 
conditions too long, when all were killed. 

During the pupal stage several external changes take place. At 
first the ocelli are not evident, but as the pupa develops these become 
prominent in a triangle between the folded antenne. Then the reticu- 
lations of the body begin to appear, and within two days of the 
emergence of the adult the pupa begins to darken and the legs, 
antenne, and wings begin to show blackish bands. The adult 
emerges in a manner similar to the molting of the larva. Emergence 
has been noted at all hours of the day, and there seems to be no par- 
ticular time for its occurrence. 


FOOD PLANTS. 


This insect seems to be nearly as omnivorous as the onion thrips, 
as the following list of food plants upon which it has been reared or 
cbserved during the past two years by the writer would indicate. 
These have been divided into economic and wild food plants, and 
under each will be given notes on injury and appearance of injured 


plants. 
BEANS. 


The injurious occurrence of this insect on the foliage of beans gives 
toititscommon name. It has been observed by the writer to feed on 
bean foliage in the adult and larval stages from early in February, 
in sheltered places, until the plants are killed by frost in the fall. 
In the spring the wild plants are first up, and the attack is largely 
concentrated on them, so that when the beans come up they are not 
immediately attacked. However, in a few weeks the insect spreads 
to the beans, thereafter increasing in numbers until in the late sum- 
mer and fall much injury is done. When snap beans are infested 
the adults first attack the leaves, and while feeding lay countless eggs 
in the tissue. The larve on hatching begin to feed, and gradually 
the green coloring matter is entirely removed from the underside of 
the leaf. This becomes white and covered with the black spots of 
excrement. The infestation then spreads to the surface and to other 
parts of the plant. As the feeding goes on the leaves lose all color, 
become white, or dry up and turn brown and drop off. As the infes- 
tation increases, the stems and pods themselves are also attacked and 
ruined. <A badly infested field appears as if scorched by fire. The 
lima bean and pink bean suffer in the same way. The blackeye cow- 
peas this past season were almost immune from the attack of this 
insect, even in fields in which the pink beans and spiny lettuce were 
very badly infested. ha 
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During the spring and early summer this insect is not noticeable 
on either the sugar or table beets. Late in the summer, however, as 
the wild plants die down, these plants often become badly infested, 
but as the beets have nearly completed their growth little real in- 
jury results. The outside leaves seem to be first infested, showing 
series of minute white spots more or less in chains, where the chloro- 
phyll has been removed, but in badly infested leaves the underside 
becomes white and dried and covered with small black spots, causing 
the leaves to wilt. Mr. Parker wrote from Hamilton City, Cal., 
under date of September 18, 1911, that the injury was apparent in 
almost every field. } 

Cabbages and other crucifers are commonly infested by this thrips 
and at times may be seriously injured. On March 27, 1911, cabbages 
in the laboratory yard were slightly infested. Where they had fed 
long the underside of the leaf was full of the silvery-white feeding 
marks of this insect and the tiny black specks of excrement. Cauli- 
flower suffers to the same extent as the less valuable cabbage. 

This insect has also been found feeding quite extensively on let- 
tuce, potato, and tomato. At Hollywood, Cal., in February, 1911, 
it was very abundant on the foliage of pea vines, but the infestation 
did not appear to increase, probably because the vines were quite old. 


PEAR. 


Mr. S. W. Foster found pear foliage badly injured on August 31, 
1909, at Martinez, Cal. He wrote: 


The foliage gave the appearance from a distance of having been scalded. 
Close examination showed that the leaves were often injured in large areas on 
either or both surfaces. The larvae, feeding only on these outer surfaces, soon 
cause the blackened areas. 

As the tree has made most of its growth for the season and the fruit crop 
has been harvested, it is hardly probable that this species will prove of serious 
consequence to the growers unless it should get so numerous as to appear in 
numbers early in the season. 


ALFALIA, 


The following field observations on the work of the bean thrips 
on alfalfa and cotton were made by Mr. Wildermuth in the Imperial 
Valley, Cal.: 


August 2, 1910. This thrips does nearly all if not all of its feeding on the 
upper surface of the leaf. The excrement is arranged in definite rows, often 
semicircular in form, around these eaten spots and makes a very characteristic 
mark [see fig. 9]. The eaten spots later turn yellow and then the alfalfa 
presents a sickly appearance. August 4 I visited several alfalfa fields and all 
were very much injured by this thrips. Scarcely a leaf could be found that 
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was green and fresh as it should be. The fields examined have a whitish- 
yellow cast to the usual green appearance. August 30 several fields were 
visited and every leaf in the fields examined was attacked by the thrips. The 
alfalfa has a whitish and bleached appearance, due to the effects of the thrips’ 
feeding. I never saw anything to equal this in appearance or in thoroughness 


Fic, 9.—Alfalfa showing injury by the bean thrips. (Original.) 


of attack. September 30 the fields were still being badly damaged, After a 
field is newly irrigated just after cutting for a week or 10 days the damage is 
not noticeable, but after three weeks nearly all leaves show the effects and the 
alfalfa presents a very sickly appearance. <A lack of sufficient water causes 
the damage to be more noticeable, as under such a condition the growth of the 
alfalfa is not so rapid and the thrips’ damage is more conspicuous. 
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On September 18, 1911, he wrote: 


This thrips is very abundant in alfalfa fields at this time of year, the larve 
being present on the older alfalfa and the adults present on the younger shoots 
and leaves, Many leaves, after being badly scarred by the thrips, wilt and fall 
off, so that the damage is soon very great. It seems rather strange that this 
thrips should become so very abundant in the fall of the year and Huthrips 
tritici, the other important alfalfa thrips, should decrease in numbers and 
that in the spring of the year just the opposite should be the ease. 


COTTON. 
September 22, 1910, Mr. Wildermuth wrote: 


This thrips was found damaging cotton about 11 miles southeast of El 
Centro, Cal. The cotton was only damaged in one corner of the field, and it 
happens that fresh alfalfa is being stacked close to this corner. 

September 28 a field of cotton east of Imperial had a strip through the center 
of the field damaged by this thrips. September 30 numerous fields on the east 
side of the valley were being damaged by this pest. The leaves were dead and 
rusty looking and the plants in bad condition. The damage was not as great as 
if the work had begun earlier in the season, but was at that time very great. 

October 11 several cotton fields at Holtville, on the east side of the valley, 
were examined. A great many fields showed considerable injury. The leaves 
were eaten and turned a sickly yellowish or brown, many often being curled. 
A field on the Young ranch was as badly damaged as any seen, and this field 
lay alongside an alfalfa field. Three other fields on the same ranch showed 
very little damage. The former field was of a late planting. This thrips has 
caused much more damage to cotton than was anticipated, and if it should 
begin its work early in the season it might prove extremely destructive. Be- 
cause of this, as well as other still better reasons, cotton should be planted as 
early as possible in the spring. 


In November, 1911, Mr. Wildermuth wrote: 


Mr. Packard and cotton growers throughout the valley report but little injury 
to cotton by this thrips this year. I found only two specimens of larve myself, 
and a few adults. It would seem as if the damage to cotton comes when cotton 
follows alfalfa. This year, there being but little alfalfa land put to cotton 
and more cotton following cotton, the damage was not so noticeable. 


WILD PLANTS. 


Of all food plants of this insect the wild spiny lettuce (Lactuca 
scariola) seems to be preferred, at least in the vicinity of Los Angeles. 
From early spring, when this plant comes up, until it dies down in 
the fall, it is usually badly infested by thrips. Many cases have been 
observed where other food plants, such as beans, etc., in the same field 
were only slightly infested, while the spiny lettuce near by was so 
badly attacked that many plants were dead. Furthermore, this weed 
is one of the commonest in the country, occurring abundantly in un- 
cultivated or even in badly cultivated fields. In addition it grows 
up in dense clumps in all fence rows and roadsides, and the rights 
of way of the different railroads are densely packed by this plant. 
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When this weed first comes up in the early spring there is scarcely 
any vegetation, so that it offers an agreeable host to the bean thrips, 
especially as the foliage is very tender and juicy at that time. The 
thrips attack the first young leaves, and the larve, upon hatching 
from eggs deposited at that time, join the feeding adults. As soon 
as these become abundant, the leaves lose all or nearly all of the green 
leaf-content and turn white, after which they dry up and hang dead 
from the stalk. The infestation continues to spread to the younger 
leaves until the entire plant is killed. 

The sow thistle (Sonchus oleraceus) has the same general distri- 
bution and is also a favorite food plant. 

Wild heliotrope (Heliotropium curassavicum) is another favorite 
food plant late in the year. This plant does not start in the spring 
until quite late, and when it does appear above the ground generally 
escapes destruction by cultivation. Thus it occurs commonly in the 
beet and bean fields and in orchards, and in the fall is one of the 
chief food plants. 7 

The bean thrips has also been found feeding and reproducing in 
numbers on Huryptera lucida and on one of the cucurbitaceex, prob- 
ably an Echinocystis, in a canyon north of Los Angeles. Jn the same 
locality it was later taken feeding and reproducing on Gnaphalium 
ealifornicum, Mirabilis californica, Eunanus brevipes, Chenopodium 
murale, Helianthus annuus, Atriplex sp., wild turnip, L’rigeron cana- 
densis, and wild pea (Lotus americanus). It was also taken in the 
valleys feeding and reproducing on the Chinese cigarette flower (Vic- 
otiana glauca), Bidens pilosa, Verbascum virgatum, Polygonum avi- 
culare, and Crepsis (%) sp. The adults were also taken in the fall 
feeding on the foliage of a porch vine, Z'acsonia mellissimus, and on 
the cultivated nasturtium (7'ropewolum major). Mr. A. C. Morgan 
found it on the underside of the leaves of the tulip poplar at Clarks- 
ville, Tenn. 

This thrips has also been recorded as feeding on Lotus glaber, 
apple, peach, orange, wild vetch, burr clover, and radish. 

After perusal of the above list of food plants it is easy to see how 
this insect can obtain a foothold in a cultivated crop in the late 
summer, especially as many of the wild plants die from maturity or 
lack of moisture, thus forcing the insect to migrate. 

SEASONAL HISTORY AT COMPTON, CAL. 

The life cycle of the bean thrips was observed at Compton for vary- 
ing parts of the year, and because of the cooler and more even tem- 
perature prevailing there is quite extended and more nearly equal 
for the entire period of reproductive activity. 

THE EGG. 


The length of time required for the egg to hatch in the months of 
March, April, and May was not exactly determined. However, fresh 
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leaves of wild lettuce were collected on April 7 and they had a 
number of eggs in them very recently laid. The last of these hatched 
on April 24, making the length of incubation about 17 days, or possi- ” 
bly as many as 21 days. The average mean temperature for these 
21 days was 59.1° F. } 

In July several adults of this thrips were confined over night on 
leaves of growing plants that were uninfested, and were removed 
on the following morning. In this way a number of eggs were ob- 
tained that hatched under absolutely normal conditions, as the plants 
were kept in an open-air insectary. 

Table IV has been prepared to show the records of incubation for 
these eggs. 


TABLE IV.—Length of egg stage of the bean thrips in July at Compton, Cal., 1911. 


Dates eggs hatched and number each day. 
Date of First egg | Last ege Shortest | Longest Total 


ovipo- incuba- | incuba- eggs 
sition. | July| July| July| July| July] July| July| July] Patched. | hatched. | “sign tion. | hatched. 
DBE N24 Dae 20s |P Zileuilisece lec Oe |oOs 


Days. Days. 
13 


Mul. 101 51 S4y| palO pie 3 ls Pe emoml ase eens July 23 | July 28 18 86 
Fitly Wiese. 26 | PES OR. Taide alee ena July 24 | July 27 13 17 60 
Tiley, = LA: | oe al ge eae ol ee Coe eis eae July 28 | July 29 13 14 23 


In this experiment 169 eggs hatched and the minimum length of 
incubation was 13 days and the maximum 18 days, but nearly 50 
per cent hatched in just 14 days. During this total period the aver- — 
age mean temperature was 69.6° F. 

Again, on August 20 adults were confined over night on a living 
plant of wild lettuce, and 4 larvee hatched on September 4, and 7 on 
September 5, making the periods of incubation 15 and 16 days. 
During this time the average mean temperature was 66.3° F. 

During the months of October and November the incubation is 
probably lengthened a few days and will take about 21 days, as the 
average mean temperature for these months was, respectively, 58.67° 
and 55.3° F. 

THE LARVA. 


The length of time occupied by this insect in the larval stage dur- 
ing the months of March, April, and May was observed during the 
year 1911 by confining larve that had just emerged in vials con- 
stantly supplied with fresh food. Table V gives the results of these 
observations. While in the first part of this period the length re- 
quired was from 17 to 19 days, later it was shortened to 9 and 11 
days. The average mean temperature for the first period, March 
19 to April 7, was 61.5° F. and for May 14 to May 27 it was 61.1° F. 
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TABLE V.—Length of larval stage of the bean thrips, Compton, Cal., March and 


May, 1911, 
re eae Larvee pupating. Length stage. Average 
Date larve hatched. of larvee 
hatched tempera- 
*| Date. | Number.| Minimum. |Maximum.| ture. 
Days. Days. “its 
Ape. — 5 1 
00. ID) Seco 8 |;Apr. 6 2 17 19 61.5 
_ Apr. 7 1] 
Wi cee ete ay 24 1 10 
OS ah iene aaa May 27 1 
ee 14 | May 27 4 9 11 62.1 


1 Rest killed by heat. 


During June and the first part of July this method of rearing 
larvee to secure the length of instars was repeated, with the results 


‘shown in Table VI. 


TABLE VI.—Lengih of larval stage of the bean thrips in June and the first part 
of July, 1911, Compton, Cal. 


Eggs hatched. Larvee pupated. | Duration of stage. | Average 
Exp. Total mean 
No. pupated. tempera- 
Date. Number.| Date. | Number. | Minimum. | Maximum. | ture. 
. 7 | Days. Days. || 9 PB 
une 28 ; 
rr 5 yare 33 i} 2 13 16 63.9 
July 10 3 | 
Lies ee 50 |,July 11 4 11 11 13 | 
Tuly 12 4 66.7 
2 uly 1 | 
TIO Se 50 July 12 4 11 11 12 | 
> 50 | July 13 3 | 3 | 1 lea po ge Pe ele 


Here the minimum for the larval stage was 11 days and the maxi- 


mum 14 days. 


In July larve were reared from eggs laid in normal growing 
plants, situated in an outdoor insectary under normal conditions. 
These experiments are all given in Table VII. 


TABLE VII.—Length of larval stage of the bean thrips in July, 1911, at Compton, 


Eggs hatched. 
Exp. 
No. 
Date. | Number. 
July 23 5 
1 {July 24 54 
July 25 16 
July 24 26 
2 |<July 25 18 
July 26 9 
3 July 28 8 
July 29 15 


Cal. 


Date and number of larvee 
pupating. 


2, all but 10 left plant to pu- 
pate; Aug. 5,10 prepupe. 
Aug. 2, all larvee left plant to 

pupate incracks. These lar- 
vee were feeding from 7 to 9 
days and then left the plant. 


9, number of larve pu- 


ted. 


ey 31, 85 larvee feeding; Aug. 


Total Length of larval stage. | Average 
fervico ay PR 2 aes mean 
pupat- | | tempera- 
ing. | Minimum. |Maximum.| _ ture. 
| 
Days. Days. ode 
85 10 12 68.8 
ec eaee eke eral. 26. fete x's 68.8 
h 
a liege ie cay 
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In these experiments the larvee were observed to feed for a period 
of 9 to 10 days and then to leave the plant to pupate, and 10 to 12 
days were required between hatching from the egg and changing to 
prepupe. 

During the year 1910 a number of larve that hatched on July 28 
were observed to change to prepupz on August 7, the total length 
of the larval stage being 10 days, with an average mean temperature 
of 72,1°°8. 

The length of this stage later in the summer and in early fall 
for this locality unfortunately was not observed, but was probably 
somewhat shorter for August and September and considerably 
longer in October and November. 


THE PREPUPA AND PUPA. 


As the prepupa and pupa are two distinct stages, although closely 
related, the length of each was separately determined. These two 
stages during the spring of 1911 required from 3 to 6 days for the 
prepupa and from 9 to 14 days for the pupa, or a total of from 14 
to 19 days. The results are shown in Table VIII, with the average 
mean temperature for each experiment. 


TABLE VIII.—Length of prepupal and pupal stages of the bean thrips at Comp- 
ton, Cal., during March to May, 1911. 


Prepupse 
Larvee changed to pre- chanced Adults Benothionsh 

pupe. Ti One. emerged. eae Kveree 

Exp mean 
No. tempera- 

ture. 

Num- Num- Num-| Pre- 
Date. mee Date. nen Date. ber. | pupal. Pupal. | Total. 

Days. | Days. | Days. SOs 
is Mere Silt see eegeteee ee 5 | Apr. 3 5) |, Apr. 17 5 3 it ae, 59. 2 
Da eAU i revi QI Se es vec a oes oe AS Aspe 1 | Apr. 24 1 5 9 14 59. 5 
BrlWwAtor s1OU2 ieee te I) Avpr. 25 1| May 4 1 6 9 15 57.9 
ALA Dr 24 se oak eceuleees 2| Apr. 29 1 | May 10 il 5 11 16 56. 9 
MotHiee eee seers Oa area SP he Steals ett 8 lbecesitee |e 24 ee > lee eee eee 


In the month of July these stages required from 1 to 4 days for the 
prepupa, and from 4 to 7 days for the pupa, or a total of from 5 to Li 
days. The number that required less than 7 days, however, was very 
small. During this month the average mean temperature was 69° F. 

Table IX shows the results of these experiments and the average 
temperature for each. 
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oa IX.-—Length of prepupal and pupal stages of the bean thrips at Comp- 
ton, Cal., during July, 1911. 


Changed to Adults : 

Changed to prepupa. pupa. emerged. Length of stage. cera 
PE (es (ee eee _| mean 
NG. & is m ‘ tempera- 

um- um- um- re- 7 ture. 
Date. ie Date. onl Date. ber. | pupal. Pupal. | Total. 
Days. | Days. | Days. sb 
Beletolyet..s..-.-..... 7\ July 5| 7 {ru a hee 7 ae SA To St 71.7 
Lothar 3 my a 3] July 18 3 3 5 8 
u 4 6 ; 
i ne 7Hyue is] iipuly is] 7 3 7 70.1 
int 3 {yun Fal, o | \Suly 19. | ste 1) Aa 5 
{ruly LS Lo culver dy 1| July 24 1 2 7 9 \ 71.6 
oT) hn 1| July 18 1| July 24 1 2 6 8 be 
ned Weer = at 2’ ay<c~' = 2| July 23 2| July 29 2 3 6 9 \ 68.5 
(i 0 ee 2| July 24 2} July 29 2 3 5 8 


During the month of August, 1910, at Los Angeles, Cal., larvee 
changed to prepupx August 2 and the adults emerged on August 9, 
requiring 7 days for the prepupal and pupal stages. For this period 
the average mean temperature at Compton, 10 miles out, was 72.4° F. 
Another lot changed to prepupx on August 7 and the adults emerged 
on August 15, giving a total of 8 days for the prepupal and pupal 
stages. The average mean temperature at Compton for the period 
was 71.4° F 

For the latter part of August and for September the length of these 
stages is nearly that required in July. However, in October this 
time is lengthened to some extent. Larve that changed to prepupx 
on November 3, 1910, required until November 16 before the adults 
emerged, or a total of 13 days. The average mean temperature for 
the period was 59.9° F. 

Records made of the length of the prepupal and pupal stages for 
November and December, 1910, as given in Table X, show that at 
that time of year the period required was greatly prolonged, the 
prepupal stage requiring from 7 to 9 days and the pupal stage from 
20 to 24 days, making a total period of from 27 to 33 days. During 
this period the mean average temperature was 53.58° F. 


TABLE X.—Length of prepwpal and pupal stages of the bean thrips for November, 
1910, at Compton, Cal. 


Changed to prepupa. | Changed to pupa. Adults emerged. | Length of stage. 
a 
No. , Pre- 
Date. Number.| Date. |Number.| Date. | Number. pupal Pupal.} Total. 
eee eatay or = a EEE Ce Pema axes | a a es li a j i cman» mae 
Days. | Days. | Days. 
0 1 | Nov. 21 1 | Dee. 12 1 7 | 21 28 
BeMow, 16.........--- 2| Nov. 23 2 fb i } 7 | 20-22 | 27-29 
Nov. 25 B ih eae 
6) ee 7 Nov, 26 || Saat te 1 i\ 8-9] az-24| 50-6 
| or 27 [ 5 Roe . | ' 
i 10 | 
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TOTAL LIFE CYCLE. 


For localities with climatic conditions similar to those of Compton, 
the life cycle of this thrips will occupy during the early spring about 
51 to 56 days, taking 20 days for the egg incubation, 17 to 19 days. 
for the larval development, and 14 to 17 days for the prepupal and 
pupal stages. 

During the months of June to October the life cycle of this thrips 
will occupy from 28 to 48 days, taking 13 to 18 days for the egg 
stage, 10 to 14 days for the larval stage, and 5 to 11 eae for the 
prepupal and pupal stages. 

During the rest of the breeding activity the life oer must be even 
longer than in the spring, as in November, 1910, the prepupal and 
pupal stages alone occupied from 28 to 33 days, so that for the de- 
velopment of this insect during October, November, and the first of 
December at least 68 to 73 days must be required. 


EMERGENCE FROM HIBERNATION. 


In 1912 the adults began to emerge from hibernation at Holly- 
wood, Cal., in January, and began oviposition at once. When this’ 
locality was visited on February 7, the adults were found to be feed- 
ing on the foliage of peas and beans in some numbers. They were 
also seen in copulation in many cases. A careful examination dis- 
closed 4 young larvee feeding on bean foliage, so that the adult must 
lave laid the eggs at least by January 10. This field was situated 
on the foothills of what is termed a frostless belt, and it may be that 
this insect in mild winters might breed there during the entire 
period. 

On February 17 adults were found feeding on pea foliage in Mis- 
sion Valley, San Diego County, but no young were seen. February 
23 the species was found as an adult feeding on pea vines in the truck 
farms around Los Angeles, and on March 13 adults were found feed- 
ing in small numbers at Compton, Cal. From then on the adults were 
common feeding on different plants, but not until April 17 were the. 
larvee found feeding in the open at Compton, although they were 
being reared in the open insectary at that place from material col- 
lected at Hollywood. 

It would probably be better to say that this insect begins active 
reproduction at a varying time, those in the most protected places 
starting as early as January 10, and the others over the next 60 days. 
However, during the early spring the multiplication and spread 
seem to be very slow. , 


ENTRANCE INTO HIBERNATION. 


As the month of October appears, the adults become sluggish, do 
less feeding and lay fewer eggs, and apparently many enter hiberna- 
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tion. The larvze become much less numerous and require an extended 
period to complete their growth. In 1910 the last larve in numbers 
were observed in the field on November 20, while one was observed on- 
December 1, and three on December 13, and during the first part of 
December these had all changed to pupe or died. The last adult 
appeared on December 27. In 1911 the larve were not very abundant 
after the first week in October, and the last ones were observed in 
Los Angeles County on November 21. 


NUMBER OF GENERATIONS. 


In the section of the State in which this insect was under observa- 
tion, the first spring generation may commence as early as January 
10 and probably egg-laying by overwintering adults continues for a 
considerable time. As the period of oviposition is quite extended the 
different broods tend to overlap; still in midsummer there are certain 
periods when the majority of thrips present may be adults or larvee. 
Up to April 1 there is probably one small full generation occupying 
about 56 days. During April and May a second generation will 
develop; then during the four months of June, July, August, and 
September there is one full generation for each month. For the rest 
of the period of the breeding activity we have probably a partial 
brood that extends over 68 to 73 days. 

Thus during the year this insect has a small generation in both the 
early spring and late fall and five full generations during the rest of 
the time, or seven generations a year. 


SEASONAL HISTORY IN THE IMPERIAL VALLEY. 


The observations on the life cycle of this insect for Imperial Valley 
were conducted by Mr. V. L. Wildermuth at El Centro, Cal., in 1910. 


EGG PERIOD. 


Mr. Wildermuth confined adults in vials with fresh sprigs of 
alfalfa and kept the foliage fresh by wrapping the stems in moist 
— cotton until the larve hatched from the eggs. While many eggs were 
secured by this method, large numbers died before hatching, as the 


=) 
foliage became too dry. but, as shown in Table XI, the egg stage 
_ varied from four days in a single case to five days in a lot of 20 eggs 
laid the last day of August. The length of the egg stage at that 
locality was only one-third as great as that observed by the writer in 
Los Angeles County, but this is due in a large measure to the high 
temperature of the Imperial Valley. 
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TABLE XI.-—Length of incwbation of the eggs of the bean thrips, El Centro, 


Cal., 1910. 
Eggs hatched. Average 
Date of oviposition Number Length ae 
Pp ; laid of stage. | tempera- 
Date. | Number. ture 
Days oF, 
Unless eee. BSS ons Ste oe ee ae 2| Aug. 1 2 45 1) 
JAQUES a i a ee, HA SE es Saree Ee UE 9 (2) Aug. 15 1 4 387.1 
YTV) Lali ee TS SNES Ss mars MS tare Sa (2) Sept. 6 20 5 3 88.7 
1 Records missing. 2 Many. 3 At Brawley. 


LARVAL PERIOD. 


The active feeding larva molts once before its final molt to the 
prepupal stage. This occurs in from one and one-half to two days 
after it hatches from the egg. The larva becomes full grown and 
changes to the prepupa in from four and one-half to five days. As 
might be expected from the great difference in the incubation period 
of the egg, the larval period in the Imperial Valley, as observed by 
Mr. Wildermuth, is much shorter than at Compton. These data 
are given in Table XII. 


TABLE XII.—Length of larval stage of the bean thrips at Fl Centro, Cal., 
during 1910. 


q 


Eggs hatched. Molted. es Average 
Exp. ; Length. | ,™ea2 
No. ———— SS eee * | temper- 
Date. Number.| Date. | Number.) Date. | Number. a 
Days. ie 
aL [ANNU rs sie Mee nen Bey ee 7h 1 | Aug. 16 1 | Aug. 19 1 : 4}. 85.8 
Di | SAULT DL Stereo oteyey ae Uc WL aee 3 | Aug. 19 1 | Aug. 22 1 4h (1) 
So PANTO 20. Aes. Bees ele ae 1 | Aug. 28 1 | Aug. 31 1 53 91.9 
ZW SSIS] OG lees seater eilece ys tate alche 1 | Sept. 3 1 | Sept. 5 1 4 89.7 
Dy al ISTH OMS APA cee a ere Ses se 1 | Sept. 24 1 | Sept. 27 1 5 81.8 
Total ae ee ee pes a Se ede ia tee ota 5. lad. 2a ae eee 


1 Records missing. 
PREPUPAL AND PUPAL PERIODS. 


Unfortunately Mr. Wildermuth’s records give a very small amount 
of data on the length of the prepupal and pupal periods, but in the 
six examples observed (see Table XIII) the stages varied from 2 
to 3 days. While the writer was studying the greenhouse thrips 
the prepupal stage was often observed to last only a few hours, and 
this same condition probably occurs with the present species in the 
high temperature of the Imperial Valley. 
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TABLE XIII.—Length of prepupal and pupal stages, El Centro, Cal., 1910. 


Average 
Date Length 
ee Date changed to prepupa. adult of ee 


emerged. | period. eel 

Days. Ti 
Lo) AM. 1.6 snot Seo Ea ne Aug. 21 23-3 (4) 
Co) AES 2h. 2 Jee des Se a a SI ee em See ee Aug. 24 e 
IE oh Fo So) aa na 2S bare oe ee en eho wade = Sept. 8 2-23 284.9 
MIMI ES eG). elias add eon Caen seeds Sept. 8 285.1 
2S oa tc aS SI a Le Sept. 9 2 87.0 
DCN MERI Sartre ot ie See ace ese shies ates Soe aden. vase Aaedeee Sept. 29 23 (7) 


1 Records missing. 2 Temperature at Brawley, U. S. Weather Bureau. 


In the Imperial Valley the egg stage is from 43 to 5 days, the 
larval stage from 4 to 5 days, and the prepupal and pupal stages 
from 2 to 3 days, making the total life cycle only 10 to 124 days 
during the extreme summer temperature. 

The eggs were deposited within 2 days from the time the adult 
females emerged, so that a new generation might occur every 14 
days in midsummer. If the insect emerges from hibernation in the 
Imperial Valley at the same time as in Compton, there will un- 
doubtedly be 1 generation in the early spring occupying 30 to 40 
days, and then 2 generations a month for 5 or 6 months and 1 
longer generation in the fall, or 12 to 14 generations a year. Indeed, 
with such rapid multiplication it is not strange that crops in the 
late fall become seriously infested. 


SEASONAL HISTORY AT TEMPE, ARIZ. 


Mr. Wildermuth during October and November, 1911, made some 
observations on the life cycle of this thrips at Tempe. These gave 
a life cycle of very nearly the same duration as in the Imperial Valley 
in the warm weather, but in November the cycle was lengthened 
considerably. He found that specimens collected as larve on October 
30 did not emerge as adults until December 1. This shows the same 
effect of cooler weather on this insect that the writer observed at 
Compton, Cal. 

Taking the results of Mr. Wildermuth’s and the writer’s observa- 
tions on the bean thrips, there is a minimum life cycle of 10 days 
where the average mean temperature is about 88.75° F., and a maxi- 
mum of about 73 days with an average mean temperature of about 
53.58° F. 

HIBERNATION. 


This insect hibernates as an adult only, through most of its dis- 
tribution at least. It may be that in the more southern portions of 
its range it breeds continuously throughout the year, but our obser- 
vations in these localities mentioned have failed to show it. 
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In the section around Compton, Cal., the adults were found to 
hibernate in small numbers on the underside of leaves of nasturtium, 
sugar beets, wild heliotrope, and other plants. They were also found 
hiberating in some numbers in dead leaves and rubbish. When dis- 
turbed they were sluggish and made little effort to escape. | 

Mr. P. R. Jones a litt, ) says that around Lindsay, Cal., the adults 
hibernate in numbers in the navel end of the Washinpran navel | 
orange. He also stated that in midwinter he had taken this thrips 
along creek beds hibernating on the underside of leaves of wild rasp- 
berry and blackberry which were’still on the plants. | 


NOTES ON OCCURRENCE. 


Apparently the different methods of cultivation bear strongly on the 
abundance of these insects and consequent injury they may cause to a 
crop. In Los Angeles County, where clean cultivation is not strictly 
followed out, it begins to breed in the spring on the wild food plants 
and increases more and more until in August it has reached enormous 
numbers. Before this the native plants are, many of them, either 
matured or destroyed by the thrips, and as a result it spreads more 
and more to the cultivated crops and trees that serve as hosts. Dur- 
ing some years this occurs late in the season and very litle real 
damage results, but if this insect should begin the year in fairly large 
numbers and under favorable conditions, great damage may result. 

In Ventura County, in October, 1910, the author made a careful 
examination of the entire bean-growing section and found that the 
bean thrips occurred in extremely small numbers on the little vege- 
tation remaining. At the same time it was extremely abundant 
around Compton. This condition seemed to be a direct result of the 
practice of the growers in Ventura of thoroughly plowing and culti- 
vating the fields within a short time after the beans are harvested 
and keeping them in perfect condition until the next crop is planted. 
This advantage is increased because there is very little waste space 
where weeds can grow up. Our investigations during the past two 
years have shown that this insect is not abundant on cultivated crops 
in the spring or early summer, but that after this period it increases 
more and more, and in certain years injures them so severely as to 
cause much loss. 

NATURAL CONTROL. 


RAINS. 


One of the largest factors in the destruction of thrips in some 
localities is the prevalence of hard, dashing rains. The author, 
while working in Florida with the greenhouse thrips, once observed 
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that crotons, which in the greenhouse were infested with thousands 
of thrips and which in June were placed outside and subjected to 
the Florida summer rains, when examined in September were so free 
from this insect that it was almost impossible to find specimens. 
California, with its long dry season, does not obtain the same 
benefit, but even there the rains may reduce attacks of the bean thrips 
to some extent. On February 7, 1911, the writer observed a pea 
field that had from 5 to 8 adults on every plant. After this date 


there was a severe rain of several days’ duration, and when the 


field was again examined, on April 1, it was almost impossible to 
find the thrips. Mr. Graf, writing from Puente, Cal., on October 6, 
1911, noted that the larvee were much scarcer than a week earlier, 
probably owing to a rainfall of one-half inch. Mr. Wildermuth, 
at Tempe, Ariz., wrote on October 5, 1911: 

A search in the patch of alfalfa back of the office, where thrips had been 
very numerous for several weeks, failed to reveal very many thrips to-day. 
The heavy rain of yesterday and last night was probably responsible for 
washing them off. 

In California, then, late rains in the spring may greatly diminish 
the numbers of this insect, or early rains in the fall destroy many 
that otherwise would enter hi- 
bernation. 


NATURAL ENEMIES. 


Fie. 10.—The bean thrips: Prepupe parasit- 
ah : Ae ized by Thripoctenus russelli. Much en- 
A great deal of attention has 


x " larged. (Author’s illustration.) 
been given to the subject of 


natural enemies and some information obtained on this important 
feature of insect control. 

In the fall of 1910 the larva of this thrips was discovered to be 
parasitized (see fig. 10) by a minute hymenopteron. This was de- 
scribed by Mr. J. C. Crawford as Thripoctenus russelli (see fig. 11). 
During 1911 this parasite was observed to work extensively in Los 
Angeles County on the bean thrips and seemed to destroy large 
numbers. Some collections of thrips larve gave as high as 70 per 
cent killed by the parasite. For a full account of this parasite the 
reader is referred to Technical Series 23, Part II, Bureau of Ento- 
mology, United States Department of Agriculture. 

During 1911 the larva of a green lacewing fly (CArysopa cali- 
fornica Coq.) was commonly observed feeding on the larva of this 
thrips. As this insect was observed so engaged in several localities 
in Los Angeles County, and in noticeable numbers, it probably kills 
a large number of thrips. 

The larva of a syrphid fly (Sphwrophoria sulphuripes Thomson) 
was also observed on numerous occasions feeding on the larva of 


49 THE BEAN THRIPS. 


the bean thrips, and in confinement larve were observed to kill and 
eat large numbers of the host. 

The young of 7riphleps insidiosus Say were noticed on many 
occasions feeding on the young of this thrips and undoubtedly aid 
in reducing its numbers. 

The larve and adults of Hippodamia convergens Guér were fre- 
quently collected on plants infested with thrips, where they were 
busily engaged in feasting on the tender larve of the bean thrips. 

On several occasions larve of a predaceous thrips, probably olo- 
thrips fasciatus L., when collected were feeding on the larve of the 
bean thrips. 


St 
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Fic. 11—A hymenopterous parasite, T'hripoctenus russelli: Adult. Greatly enlarged. 
(Author’s illustration.) 


Mo.Be Tid: ou informed the writer that at Lindsay, Cal. in 
1910, he found a “nematode parasite working in the fall eget 
tee of the bean thrips.” 

A curious circumstance in connection with the observations made 
on the natural enemies of the bean thrips was the fact that in all of 
the predaceous forms noted the alimentary tract became bright red, 
undoubtedly due to the crimson or reddish pigmentation of the host. 


ARTIFICIAL CONTROL. 
CULTURAL METHODS. 


In the case of crops planted over large areas and difficult or im- 
possible to spray, such as beans, alfalfa, or cotton, cultural methods 
offer the most hope as a remedy for the bean thrips. Where this 
insect threatens injury it is reeommended that these methods be used 
so far as possible. It is very important that the crops be given 
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careful, clean cultivation, so that all weeds may be kept down in 
the fields at all times, including the spring and fall. These same 
weeds, especially the different species of wild lettuce, should be care- 
fully destroyed along the edges of all fields and fence corners and 
along the roads and railroad tracks. Cotton and beans should not 
follow in old alfalfa fields if the latter were badly infested with the 
bean thrips, and fields of these crops should be removed as far as. 
possible from the alfalfa fields. They should also be planted as 
early as is consistent with good farming and encouraged by fre- 
quent cultivations and fertilizers where necessary to produce an early 
crop so as to escape the ravages of the bean thrips in the late summer. 

As this insect feeds on such a variety of plants it is hardly pos- 
sible that rotation of crops would aid materially in its control unless 
some crop could be found that is quite immune. 

Where it is injuring alfalfa Mr. Wildermuth recommends disking 
and thorough renovation of the fields and good irrigation in order 
to give the plants as much chance as possible to make a quick growth. 


SPRAYING. 


The control of this thrips by spraying is impracticable for a crop 
such as alfalfa or cotton, and because of the low trailing vines of 
the bean will probably be successful with this plant only when the 
vines can be easily reached from the underside. In case injury to 
fruit trees is threatened it can be controlled by using the spray so 
successful against the pear thrips. This is a solution of 23 per cent 
nicotine, diluted at the rate of 1 part to 60 parts of water in a 6 
per cent distillate-oil emulsion. 

The distillate-oil stock emulsion, according to the formula of 
Foster and Jones, is made as follows: 


ese Ee ee fallons » 12 

nnrrenmmrtie-Ol) SOAP. ee pounds__ 30 
mol (raw) sO to 34° Baumé___.__..__-__-_-- gallons__ 20 
a 


Have the water boiling hot when put into the spray tank and add the soap 
immediately while the agitator is running at a good speed. When the soap is 
all thoroughly dissolved pour in the oil slowly, keeping the mixture well agi- 
tated while the oil is going into the tank. When all of the oil is in and well 
mixed, pump out through the nozzles at good pressure (not less than 175 
pounds) into storage tanks. 

No one should attempt to make this stock emulsion without a power spraying 
machine, as thorough agitation and high pressure are important requisites. 
Also, care should be used in having measurements reasonably exact, the water 
boiling ‘hot, and the soap thoroughly dissolved before any oil is put in. This 
stock solution contains approximately 55 per cent oil, and to make a 3 per cent 
emulsion use 54 gallons of this stock in each 100-gallon tank. 


1For a full account of this spray as used against the pear thrips, see Circular 131, 
Bureau of Entomology, U. S. Dept. of Agriculture, pp. 8-9. 
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A simpler formula and one that possibly will act quite as well on 
this insect, where it is exposed on the foliage, and one that will offer 
no chance for the burning of the foliage, has given good results in 
the destruction of Heliothrips rubrocinctus Giard in Florida. Mr. 
Edward Simmonds, of the Bureau of Plant Industry, advised the 
writer that a solution composed of 1 gallon of blackleaf tobacco ex- 
_ tract, 1 pound of whaie-oil soap,.and 50 gallons of water gave excel- 
lent results in treating trees infested by this insect. This formula 
seems a little strong to the writer and he would recommend using the. 
blackleaf at the rate of 1 part to 60 parts of water. In the place of 
this, a 40 per cent solution of nicotine can be substituted at the rate 
of 1 part to from 1,000 to 2,000 parts of water. | 


DISTRIBUTING THE PARASITE. 


Possibly the parasite of this insect can be artificially distributed 
with good results to sections infested by this thrips where the para- 
site does not occur. For directions and methods of shipping. this 
parasite, the reader is referred to Technical Series 23, Part II, Bureau 
of Entomology, U. S. Department of Agriculture, page 51. 
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woodworthi aS a synonym of H. fasciatus. 


“| 


. CRAWFORD, D. L.—Pomona Journ. Ent., vol. 1, pp. 120-121, 1909. 
Records this species from pine foliage, Lotus glaber, and blossom end of 
ripe apple in southern California. 
8. BREMNER, O. E.—Destructive insects and their control. <Cal. State Comm. 
Hort., 1910. 
This thrips, under the name Huthrips fasciatus, was recorded as injuring 
peas and beans and occurring on alfalfa and peach and pear trees. 
9. Coit, J. Eviot, and PackarpD, W. E.—Cal. Agr. Exp. Sta., Bul. 210, pp. 168, 
184, 1911. 
This thrips, under the name Heliothrips fascietus (sic), recorded as injuring 
alfalfa and cotton in the Imperial Valley, Cal. 
10. Moutton, DupLEy.—Tech. Ser. 21, Bur. Ent., U. S. Dept. Agr., pp. 9, 14, 
23-24. 
Notes on synonymy and food plants. 
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THE DISPERSION OF THE GIPSY MOTH. 


INTRODUCTION. 


_ The dispersion of any insect that has been introduced, accidentally 

or otherwise, into a new country offers an interesting opportunity to 
study the elements which aid in bringing about its transmission from 
point to point within that country, and this is particularly true con- 
cerning one of so great economic importance as is the gipsy moth. 
When the first work to suppress this insect was taken up in the early 
nineties an attempt was made to determine all the means by which 
the insect was spread, and since that time any data bearing on the 
spread of the pest have been eagerly sought and carefully studied in 
the hope that better methods could be found for its control. The 
region surrounding Medford, Mass., where the gipsy moth was in- 
troduced in 1869, is the center of one of the most thickly populated 
sections of the United States; hence there was an unusual oppor- 
tunity for the spread of the insect by artificial means. In spite of 
the work that has been done and the observations that have been 
recorded it has remained until the last two years for a demonstra- 
tion to be made of the manner by which this insect is spread, to the 
greatest extent, by natural means. 


MEANS BY WHICH INSECTS ARE SPREAD. 


One of the principal methods of insect locomotion and of spread- 
ing is by flying, and there is little chance of preventing the spread 
of a strong-flying introduced species which has become thoroughly 
established. The continued spread of the elm leaf-beetle and of the 
brown-tail moth illustrates how flying insects are dispersed. 

There is, however, another class of insects which does not spread 
by flying. Several distinct types exist, and among them may be 
mentioned such insects as the San Jose scale and other closely re- 
lated species. The structure of the females of this group is such 
that they remain fixed before becoming sexually mature; hence the 
distribution of the species is confined, so far as natural means is 
concerned, to the dissemination of the young, which have the ability 
to move about for a limited period. The adult insects are spread 
by artificial means on nursery stock and on living trees or shrubs that 
are shipped from one locality to another for planting or propagation. 
The brown-tail moth has also been distributed on nursery stock, but 
it is carried in this way while the small caterpillars are in the 
hibernating webs where they pass the winter. 


fig 
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While the gipsy moth does not belong to the same class as the 
scale insects just mentioned, it resembles them inasmuch as it is not 
spread by the flying of the adult, for although the females are pro- 
vided with wings, they are unable to fly, owing to the extreme weight 
of the body. Dispersion, therefore, is greatly restricted in this stage 
of the existence of the insect, and this is important, as it bears directly 
on the control of the species. 


INVESTIGATIONS OF THE DISPERSION OF THE GIPSY MOTH. 


Investigations which were carried on during the early nineties 
have been fully treated in the report on the gipsy moth by For- 
bush and Fernald, published by the Massachusetts State Board of 
Agriculture in 1896, natural and artificial dispersion being con- 
sidered on pages 94-116. Although it appeared at that time that 
excellent opportunities were afforded for studying the dispersion of 
this insect, still it must be remembered that the pest was abundant 
in relatively few localities during the years covered by that report, 
especially when the conditions existing in later years are considered 
in comparison. It is evident that the extent of distribution of any 
insect depends largely upon the abundance of the species, and if 
large areas are badly infested migration is often necessary in order 
that many of the individuals may secure sufficient food. 

The dispersion of the species, as treated in the above mentioned 
report, was considered as local and long distance. The former 
condition was brought about by egg clusters being broken and 
scattered by birds or other animals that frequent infested trees. 
Clusters were also carried on driftwood (see Pl. I), and those 
deposited on leaves (see Pl. II) were sometimes distributed by 
the wind. The caterpillars were occasionally found clinging to the 
bodies of animals or to the clothing of persons who had visited 
infested places and were carried short distances in this way. 

Many colonies were established in remote districts by the carriage of 
the larve on vehicles, and egg clusters were sometimes transported 
on cordwood or lumber products shipped from infested forests. (See 
Pl. III.) The distribution of caterpillars upon vehicles was con- 
sidered so important when the gipsy-moth work was begun in 1891 
that inspectors were stationed along the main highways to stop and 
examine all vehicles and to destroy any caterpillars found before 
allowing them to pass out of the infested area. This precaution was 
entirely warranted in view of the discovery that many farms had 
become infested by the transportation of caterpillars on vehicles. 
Places infested in this manner, however, were usually occupied by 
milkmen, peddlers, swill gatherers, or persons whose business caused 
them to drive regularly to and from the city during the summer, or 
to neighborhoods that were badly infested with the gipsy moth. 
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MOTH EGG CLUSTERS ON CHARRED WOOD ON THE EDGE OF A STREAM, SAUGUS, MAss., MAY, 1912. 
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FEMALE GIPSY MOTHS DEPOSITING EGGS ON OAK FOLIAGE, MELROSE, MASs. 


Arrows point to pup, moths, and egg clusiers. (Original.) 
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CONTROL WORK ABANDONED. 9 


The efficient work which was carried on by the Massachusetts State 
Board of Agriculture during the early nineties rendered the con- 
tinuance of vehicle inspection unnecessary, as the moth had been 
greatly reduced in numbers and very few badly infested localities 
could be found. At the time the work was abandoned in 1900, 34 
towns and cities surrounding Boston were slightly infested. A few 
isolated colonies were present outside of the limits of this area, but 
in most cases these had been reduced almost to the point of ex- 
termination, and in several colonies none of the insects had been 
found for two or more years, in spite of the fact that careful examina- 
tions were made annually. It should be said that very little if any 
of the territory in the infested area was what would be considered 
now as badly infested, and owing to the thorough manner in which 
the work was prosecuted the danger of spread was reduced to a 
minimum. 


CONTROL WORK ABANDONED. 


In the winter of 1900 suppression measures were abandoned by the 
State of Massachusetts, but during the next five years considerable 
individual effort was expended to protect the trees in the residential 
sections, particularly by owners. The infestation became so serious, 
however, in the summer of 1904, and the depredations of this insect 
were so severe, owing to its remarkable increase in numbers, that 
action was taken by the State in the spring of 1905, and money pro- 
vided for the purpose of affording relief and preventing the destruc- 
tion of trees in towns and.cities as well as of attempting to control 
the moth throughout the infested area. 

The State force was organized by Supt. A. H. Kirkland, and con- 
ditions in the territory, which was the central part of that which was 
infested when the work was stopped, are well described by the follow- 
ing extract from his first annual report.' 

As would have been expected, during the year 1900 and 1901 but little notable 
damage was caused by the gipsy moth, although evidence was not wanting to 


the trained observer that it was rapidly multiplying in woodlands and on 
neglected private estates. It was apparent that nonresident property owners 


_particularly paid practically no attention to the increase of the insect and that 


farmers and others owning infested woodland areas were unwilling, because of 
the expense, to fight the insect. In 1902 numerous estates were severely injured 
throughout the central district, while woodland colonies of some magnitude had 
developed from which the insects were swarming in all directions. The summer 
of 1903 showed that the moth had established itself again in alarming numbers 
in various parts of the infested district. Serious colonies had developed in the 
woods of Arlington, Medford, Saugus, and Malden, and the Lynn Woods colonies 
had assumed notable proportions. In 1904 it was apparent to all that the gipsy 
moth had developed to a remarkable extent, reinfested the areas from which it 
had been cleared, and even extended its bounds into previously noninfested 


1 First Annual Report of the Superintendent for Suppressing the Gipsy and Brown- 
Tail Moths, 1906, p. 12. 
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territory. The caterpillar outbreak was sufficient to convince every tree lover 
of the necessity of concerted action against the moths. While in many places 
in the afflicted district the trees under the charge of municipal authorities were 
cared for with considerable success, private estates and woodlands in June and 
July presented shocking scenes of devastation. In many places the work of 
fire could not have been more thorough or alarming. From Belmont to Saugus 
and Lynn a continuous chain of woodland colonies presented a sight at once 
disgusting and pitiful. The hungry caterpillars of both species of moths 
swarmed everywhere; they dropped on persons, carriages, cars, and automobiles, 
and were thus widely scattered. They invaded houses, swarmed into living and 
sleeping rooms, and even made homes uninhabitable. 


GIPSY-MOTH WORK RESUMED. 


It must be noted that the conditions above described were most 
favorable for the dispersion of this insect, and in order to determine 
so far as possible the territory which had become infested, inspectors 
irom the office of the superintendent made an examination of a large 
area outside of that known to be infested when the work was stopped. 
Of necessity this examination was hurriedly done, owing to the fact 
that a sufficient number of trained men could not be secured in the 
limited time available, and also because a large number of the more 
experienced workers had to be employed in fighting the intolerable 
conditions in the central towns. The results of the scouting work, 
however, showed that the gipsy moth was present in 124 towns and 
cities in Massachusetts. Seven infested towns were also found in New 
Hampshire, extending from the Massachusetts line along the sea- 
coast to and including Portsmouth, so that the entire infested area 
proved to be six times greater than when the work was abandoned. 
Each year since 1905 more or less scouting work has been done by the 
State of Massachusetts in the towns outside of the known infested 
area, and in Maine, New Hampshire, Rhode Island, and Connecticut 
large sections have been examined by scouts working under the 
direction of Mr. D. M. Rogers, superintendent of moth work for the 
Bureau of Entomology, United States Department of Agriculture, 
and every year additional infested territory has been found. As a 
rule very few egg clusters are found in the outside towns, but it 
should be stated that the examination is confined to the roadsides, 
residential sections, and orchards, it being impossible to examine all 
the large forest areas involved. 

The same factors which previously resulted in the dispersion of 
the insect were found to be operating, but the danger had been 
greatly increased owing to the development of many high-speed 
and long-distance trolley lines which conveyed people from the cen- 
ters of population to the rural districts rapidly and in many cases 
without changing cars. These increased transportation facilities 
afforded an excellent opportunity for the distribution of gipsy-moth 
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caterpillars, and the presence of the insect in woodland surrounding 
lakes and ponds which were frequented by camping parties was the 
natural result. During midsummer, when caterpillars were abun- 
dant, they could frequently be seen crawling on the clothing of 
people on electric cars and sometimes have been observed on the 
seats and running boards. In this way they are often carried consid- 
erable distances. 


THE AUTOMOBILE AS A MEANS OF DISPERSING THE GIPSY MOTH. 


Perhaps no single form of transportation has caused so wide a 
dispersion of this insect as the automobile. When the gipsy moth 
was most abundant during the nineties it was seldom possible for 
caterpillars to be conveyed on teams or wagons more than 20 miles 
in a single day, but with the advent of the automobile this danger 
was greatly increased. In fact, since this mode of travel has be- 
come popular the traffic between the cities in eastern Massachusetts 
and the seashore and mountain regions in Maine, New Hampshire, 
and Vermont has increased remarkably, and the spread of the insect 
has been proportionately greater. 

The lines of automobile travel are usually along trunk roads, many 
of which are bordered by badly infested woodland. These condi- 
tions afford an excellent opportunity for the young caterpillars to 
spin down from the trees and to be carried away by any moving 
object with which they come in contact. Cases are on record where 
city residents who own country or seashore places have caused them 
to become infested by journeying back and forth by automobile. So 
many cases of this kind have been found that it is now considered 
one of the easiest means by which the insect is spread. Automobile 
traffic is very heavy in June, when the gipsy moth is most likely to 
be carried in the caterpillar stage. 


OTHER MEANS OF DISPERSING THE GIPSY MOTH. 


Another means by which the gipsy moth is dispersed to outlying 
regions is through the unintentional carriage of caterpillars or egg 
clusters by visitors or travelers. In 1906 this insect was found in 
small numbers on the grounds of the National Soldiers’ Home at 
Togus, Me. The nearest known infestation at that time was 81 miles 
away, and, from the condition of the infestation and the circum- 
stances connected with it, it seemed probable that the insect had been 
brought there either in the egg or caterpillar stage on the clothing 
or among the effects of some of the inmates or visitors who came 
from the infested area in Massachusetts. Isolated infestations are 
continually being found in towns some distance from the infested 
area, especially on farms or in camps where parties from Boston and 
vicinity spend their summer vacations. 
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In the fall of 1910 a flourishing gipsy-moth colony was found on a 
farm at Charlton, Mass. The worst part of the infestation was in a 
small orchard near the farmhouse and in a row of trees some dis- 
tance away which bordered on cultivated land. Inquiry showed that 
for a number of years it had been the custom for the owners of this 
farm to take children from Boston and vicinity for summer boarders. 
The vacation of each boarder usually lasted about two weeks, so that 
they were continually changing, and there is no doubt that gipsy- 
moth caterpillars or egg masses were brought from the infested 
regions in the baggage of the visitors. 

Many similar cases might be cited, but this will suffice to illustrate 
the ease with which this insect may be carried long distances. 

In December, 1909, a flourishing colony of the gipsy moth was 
found in the residential section of Wallingford, Conn. This is more 
than 100 miles from the nearest badly infested area. Examination 
showed that the worst infested trees were in the business section, and 
many of them were in the rear of a grocery and provision store. 
Supplies of vegetables, such as early lettuce, cucumbers, and toma- 
toes, had been received in season by this store from market gardens 
located near Boston, and there seems to be little doubt that egg 
clusters of the gipsy moth had been transported inadvertently on 
the boxes or in the packing material. 


RELATION OF BIRDS TO THE DISPERSION OF THE GIPSY MOTH. 


During the past few years the scouting operations in Massachusetts 
and New Hampshire have resulted in the discovery of gipsy-moth 
colonies in regions inaccessible to travel, and often in places which 
would seldom, if ever, be frequented by man. This condition of 
affairs has occurred so often, and an explanation for the presence of 
these colonies became so difficult, that it seemed desirable to take 
up the subject in a more thorough-going manner for the purpose of 
determining whether the insect might be distributed by some other 
means. In some of these cases it is possible that the colonies might 
have started from caterpillars that had been dropped by birds, 
but the distances between many of them and known infested regions 
were so great as to render this theory in most cases highly improb- 
able. Furthermore, when caterpillars are picked up by birds they 
are usually injured to a greater or less extent, and the chances of 
their developing so that vigorous colonies would result in a few 
years are very remote. Another factor in relation to the influence 
of birds on the spread of the gipsy moth, and one which has received 
much serious consideration, is the possibility of their feeding upon 
the eggs of the species and distributing them in the excrement. If 
fertile eggs of the gipsy moth should be eaten and pass through the 
alimentary canal of some of our insectivorous birds without sustain- 
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ing injury, it would undoubtedly offer a valid explanation of the 
cause for some of the outlying colonies which have been found. In 
the report of Forbush and Fernald, already cited, detailed accounts 
are given of the part played by practically all the insectivorous 
birds which are at all common in eastern Massachusetts. At the 
time the observations were made a large number of trained field 
observers were constantly employed, and few, if any, of these re- 
ported that birds were found feeding upon eggs of the gipsy moth. 
In fact, the report states that the only bird that has been found 
feeding upon these eggs in the field is the English sparrow, and, as it 
is normally a grain-feeding species and one that frequents cities or 
centers of population, it is doubtful whether the moth would be dis- 
persed to any great extent if it were possible for the eggs to pass 
through the bird without injury. 

Fortunately, during the winter of 1909-10 two sets of experi- 
ments were conducted for the purpose of determining whether gipsy- 
moth eggs would pass through the alimentary canal of birds without 


injury. These tests were made independently, and in both cases 


it was necessary to disguise the eggs in other food or force the birds 
to feed upen them. One set of experiments was begun in February, 
1910, by Mr. C. W. Collins, of the parasite laboratory of the Bureau 
of Entomology. He used a number of English sparrows and a single 
pigeon. 

The sparrows were fed by placing gipsy-moth eggs in their mouths 
and requiring them to take a swallow of water to wash them down. 
Of 356 eggs fed in this way 142 were found intact in the excrement 
and the balance were broken during the process of digestion or re- 
mained in the gizzard. Only seven eggs hatched, which shows that 
under this artificial treatment the chances for survival of the eggs are 
very small. None of the eggs fed to the pigeon hatched after being 
voided. 

These experiments indicate the extreme improbability of either 
of these birds selecting gipsy-moth eggs for food, and the chances 
of the insect being disseminated in this way appear very slight, both 
on account of the injury to the eggs in passing through the bird and 
because the distances of migration of the species are relatively small. 

The other set of experiments was conducted by Mr. Wm. Rieff,? 
of the Bussey Institution, Harvard University, during March of the 
same year. As no native birds were available for the tests the follow- 
ing species were used: German canary bird, English yellow-hammer, 
English chaffinch, Japanese robin, screech owl, and carrier pigeon. 
The eggs were disguised in food, such as bread crumbs. In the case 

1 Some Results from Feeding Eggs of Porthetria dispar to Birds. Journal of Economic 
Entomology, vol. 5, no. 4, Aug., 1910, p. 343. 


*Some Experiments on the Resistance of Gypsy Moth Eggs to the Digestive Fluids of 
Birds, Psyche, vol. 17, No. 4, Aug. 1910, p. 161. 
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of the Japanese robin they were placed inside the larve of the meal 
beetle (Tenebrio molitor), while those fed to the screech owl were 
inserted in a freshly killed mouse. 

Of 52 eggs that passed through the Japanese robin three hatched, 
while of 112 eggs vomited by the screech owl with the remains of the 
mouse seven hatched. No hatching resulted in the Yeu with 
the other birds. 

The writer says: 

To sum up the details of these various experiments it is seen that gipsy- 
moth eggs can withstand the action of the digestive fluids of birds belonging 
to at least two families, Turdidse and Bubonide, without suffering any, or 
only slight injury. In regard to the large family, Fringillide, also an insec- 
livorous group, I am inclined to believe that these birds might also occasionally 
distribute gipsy-moth eggs in spite of the negative results obtained in my 
experiments. : 

These conclusions seem too sweeping because of the large per- 
centage of the eggs that failed to hatch, and when the conditions 
under which the birds were fed is considered it is doubtful whether 
comparable results would be secured under natural conditions, 

The Bubonide and Fringillide are not, for the most part, in- 
sectivorous birds, and it is doubtful if the latter would, except in 
rare instances, eat eggs without crushing them or at least attempting 
to break away their outer covering, as this is their usual habit when 
feeding dn seeds, which are their natural food. 

Whether eggs would pass through the alimentary canal of some of 
vur less domesticated insectivorous birds unharmed is an open ques- 
tion, and one very difficult to settle, owing to the fact that these wild 
species can not be experimented with in confinement in any satis- 
factory way. It should also be noted that the digestive process in 
birds is more rapid under natural conditions than when they are 
confined for experimental purposes; hence it may be that in nature 
a larger percentage of eggs would withstand the digestive action, 
but the distance that they could be carried would be correspondingly 
reduced. The main question, however, appears to be whether birds 
actually eat eggs of the gipsy moth in the field. 

Men engaged in the moth work frequently find egg clusters which 
have been broken, and sometimes in such a condition that one might 
conclude that they had been pecked at by birds. Clusters are 
sometimes broken by squirrels or other animals, and not infrequently 
this is charged up to birds. Mr. John A. Farley, one of the agents 
of the Massachusetts State forester’s office, reports the following ob- 
servation, which shows how carefully matters of this nature must 
be investigated in order to prevent error. On visiting a wooded 
area where it had been reported that birds were feeding on gipsy- 
moth eggs and where the clusters showed every indication that this 
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eonclusion was correct, he found that the chickadees (Penthestes 
atricapillus) were working among the clusters and were apparently 
‘feeding. On making a more thorough examination he found that a 
few small white-pine seeds had been stored away in the cavities that 
were made by the birds in the gipsy-moth egg clusters. No egg- 
shells or other evidences of feeding were found, and later Mr. Farley 
saw the birds depositing the seeds. Later in the season an examina- 
tion was made and the seeds previously secreted were missing. Dis- 
sections have shown that pine seeds are a favorite food of this species 
and that they are often collected and stored for a winter food supply. 
The reliability of these data is unquestioned and throws an. interest- 
ing light on the subject. 

It has been suggested by Mr. William Brewster, the well-known 
ornithologist of Concord, Mass., that the gipsy moth may be spread 
in the egg stage by crows, hawks, and other large birds that make 
nests (Pl. IV) of large twigs, as it would be possible for them to 
carry material which was infested with egg clusters. This may 
happen in some cases, but it seems probable that it would result in 
local rather than long-distance dispersion. 

In view of the results secured by the experiments above mentioned 
and of the observations cited it seems that the evidence is wholly 
inadequate to prove that birds were responsible for distributing the 
gipsy moth to the large area which was annually becoming infested. 
Furthermore, towns where only one small infestation was found 
might, the following year, be infested in 20 or 30 different locali- 
ties, all of which were remote from influences which would favor 
artificial means of spread. As the first infestation found in a town 
is usually small and is thoroughly treated, no reasonable explanation 
could be given for the presence of so many colonies the following 
year. The fact, also, that many of these outbreaks were located in 
places that were seldom frequented by men or animals indicated 
strongly that. some other natural means must assist the insect in 
becoming generally dispersed. 


CONTINUED DISPERSION OF THE SPECIES UNEXPLAINED. 


For several years this matter was thoroughly considered by the 
officials connected with the gipsy-moth work, but it seemed impossible 
to come to any conclusion as to the means whereby so many small 
isolated colonies had become established. The theory was advanced 
that occasionally one of the female moths, developed in a badly 
infested colony where the adults were abnormally small on account 
of an insufficient food supply for the larvae, might be able to fly, and 
in this way cause the dissemination of the pest. No facts to prove 
this theory have ever been secured, and although this might happen 
occasionally it wholly fails to explain the reason for numerous small 
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colonies which are found long distances from any badly infested area. 

Isolated colonies have been usually so far away from infestations that 

it would have been practically impossible for small females to have* 
covered the distance by flying. 


SUGGESTIONS CONCERNING THE SPREAD OF LARVA BY THE 
WIND. 


In the fall of' 1909 Prof. E. D. Sanderson, who was then ento- 
mologist to the New Hampshire Agricultural Experiment Station, 
and who was deeply interested in the work of suppressing the gipsy 
moth, suggested that the caterpillars of this insect might be car- 
ried by natural means, and later he wrote to Dr. L. O. Howard, 
Chief of the Bureau of Entomology, calling attention to an article 
in the Standard Natural History relative to the peculiar hairs on 
the young caterpillars and suggesting that they might assist the 
larvee in being carried by the wind. An examination of the lter- 
ature showed that the matter had been mentioned by Forbush and 
Fernald in 1896 and that the hairs had been described by Wachtl 
and Kornauth in a publication relating to experiments in the forests 
of Austria in 1893. This paper deals principally with hairs of 
peculiar structure which are found in the first-stage larve of the 
nun moth (Psilura monacha L.) and states that similar hairs are . 
found on the first-stage larvee of Porthetria dispar. 

These hairs are not present on the caterpillars in the later stages, 
and as they are provided near the base with a globular enlargement, 
which the authors believed to be filled with air or gas, they were 
~ called aerostatic hairs and the globes aerophores. They state that 
the first-stage nun larve are carried long distances by the wind, 
and one might assume that the same is true of the gipsy-moth larve, 
as they are provided with similar hairs. 

A microscopic examination of one of these first-stage caterpillars 
shows that two kinds of hairs arise from the tubercles which are 
arranged in rows on the body. Only a few slender acuminate hairs, 
some of which are nearly half as long as the caterpillar, arise from 
each tubercle (Pl. V), but many short hairs are present which have 
a small globular swelling near the base. Whether these aerophores 
actually aid in making the caterpillars more buoyant, as is sug- 
gested by the authors above mentioned, is not positively known, 
but it was of great importance to know whether dispersion is actually 
brought about by means of the small larve drifting in the wind. 


EXPERIMENTAL WORK. 


In the spring of 1910 a preliminary experiment was tried in the 
laboratory by releasing caterpillars, which had been encouraged to 
spin as much silk as possible, in front of an electric fan. Although 
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Fic. 1.—FIRST-STAGE LARVA, SHOWING THE TWO KINDS OF HAIRS. ENLARGED. 
(ORIGINAL. ) 


Fic. 2.—a, TUBERCLE FROM FIRST-STAGE LARVA, SHOWING Hairs; 6, AEROSTATIC 
HAIR; c, ACUMINATE HAIR. 


a, Much enlarged; b, c, more enlarged. (Original.) 


GIPSY-MOTH CATERPILLAR SHOWING AEROSTATIC HAIRS. 
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it was very difficult to determine how far they might be carried 
under such conditions, owing to the small size of the rooms where 
the experiment was tried, it was possible in a few cases to secure 
specimens which had drifted from 20 to 30 feet from the fan. This 
led to an attempt to test the matter under outdoor conditions. 

Arrangements were made with Mr. L. H. Worthley, then assistant 
forester of Massachusetts, whereby the tests would be made coopera- 
tively with the department which he represented. Supples and 
assistance were furnished by the State, and several men employed by 
the Bureau of Entomology attended to certain parts of the work. 
Many valuable suggestions were secured from Mr. Worthley, and 
from Messrs. D. M. Rogers and W. F. Fiske of this bureau. In carry- 
ing on the tests especial credit is due to Mr. C. W. Collins, who 
assisted in many of the experiments; to Messrs EK. A. Proctor, J. V. 
Schaffner, and K. W. Brown for assistance and suggestions; to Mr. 
H. R. Gooch, who constructed the screens and apparatus used; to 
Messrs. C. W. Stockwell, F. H. Mosher, and John E. Dudley, jr., for 
helpful suggestions and for recording data on several phases of the 
work; and to Messrs. H. S. Barber, Melvin Guptill, H. A. Preston, 
and W. N. Dovener, who prepared the photographs and accompany- 
ing illustrations. Suggestions which had a practical bearing upon 
the tests were made by those mentioned and by many others con- 
nected with the work at the parasite laboratory, so that all have 
contributed to the results which will be given. 

For the weather conditions in Massachusetts we are indebted to 
Mr. J. W. Smith, district forecaster of the Weather Bureau, United 
States Department of Agriculture, at the Boston office. Data have 
also been secured from local forecaster Edward P. Jones, at Portland, 
Me., and from local forecaster E. C. Vose, at Concord, N. H., who 
have very courteously allowed the records of their offices to be freely 
used. 

Plans were made to carry on several experiments out of doors as 
soon as the caterpillars began to hatch, and for this purpose a num- 
ber of favorably situated localities were selected. In each case a 
sereen of galvanized-iron wire was attached to a wooden frame, and 
after the netting had been treated with a thin application of tree 
tanglefoot it was set up so that caterpillars were likely to drift upon 
it if carried by the prevailing wind. 


EXPERIMENTS AT LINCOLN, MASS. 


The first trap was placed on a raft (Pl. VI) which was moored 
near the center of Sandy Pond, Lincoln, Mass. ‘Two screens, each 12 
feet long and 6 feet high, were placed at right angles so as to form 
a cross. The screen used was ordinary poultry wire having a mesh 
about 1 inch in diameter. The woodland surrounding this pond was 
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moderately to badly infested with the gipsy moth, and it was ex- 
pected that if the young caterpillars were carried by air currents it 
would be possible to secure some of them in the tanglefoot which 


was applied to the wire netting. The pond is about a mile and a half — 


long and three-fourths of a mile wide. As there are two small 
islands on which brush and sprouts were growing near the west side, ~ 
an attempt was made to anchor the raft as nearly as possible at a 
point midway between the islands and the opposite shore. The raft 


was constructed April 25, 1910, and an attempt was then made to — 


anchor it in the center of the pond. Owing to the high wind it was 
found impossible to do so, therefore it was anchored near one of the 
small islands, where it remained until May 2, when the anchorage was 
changed to the center of the pond. On this date the screens were 
examined, but no larve were found in the tanglefoot. 

On May 9 the pond was visited, and it was found that the raft 
had drifted from its anchorage to the shore at the northeastern end 
of the pond.- Infested woodland was present within 200 yards of 
where the raft lodged. The tanglefoot was examined, but no cater- 
pillars were found. Owing to the strong wind it was impossible to 
tow the raft to the center of the pond, so it was allowed to remain 
where it was found. 

On June 9 a visit was made to this trap for the purpose of making 
the final examination and dismantling it. A single caterpillar was 
found in the tanglefoot, which proved upon a careful examination 
to be a first-stage gipsy-moth larva. Owing to the difficulty of thor- 
oughly examining the wire screen, because some of the tangle- 
foot had become rather hard and also because of the presence of 
an innumerable number of Micro-Diptera and other small insects, 
the screen was taken from the wooden form and brought to the 
laboratory, where later in the season it was cut up into small strips 
and thoroughly examined. This work was done by Mr. J. V. Schaff- 
ner and Mr. Emery Proctor, but no other gipsy-moth caterpillars 
were found upon it. During the first part of the experiment the 
weather was cool, which probably resulted in the young larve mov- 
ing about but little, and this may explain why more caterpillars 
were not caught in the trap. Attention should be called to the small 
area of screen which was exposed, and in the hight of future experi- 
ments it dces not appear strange that no more caterpillars were 
secured. 

EXPERIMENTS IN LYNN WOODS, MASS. 


It did not seem practical, however, when the experiment was 
planned, to attempt to settle the question by making one test. Several 
other screens were constructed, and one made in a similar manner 
to the one used on the raft at Lincoln was placed on top of an obser- 
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vation tower at Mount Gilead in the Lynn Woods. (PI. VII.) 
The arms on these screens were 10 feet long and 4 feet high. The 
trap was placed at the top of a tower 50 feet from the ground and 
fully 25 feet above the tops of the tallest trees. A few caterpillars 
were feeding on April 29, the date when the trap was installed. 

The object of this experiment was to determine, if possible, 
whether caterpillars could be caught high in the air. The woodland 
surrounding this tower was badly infested, and later in the season 
a considerable area was completely stripped of foliage. On May 4 
the trap was examined, but no caterpillars could be found. <A large 
percentage of the gipsy-moth caterpillars had hatched, but most of 
the larve were still on the egg clusters, although some were feeding. 
The weather was cool, and only a shght wind was blowing. 

The trap was examined on May 7, 11, 16, and 17, but no caterpil- 
lars could be found. On May 28 another examination was made 
with the same result. In woodland the caterpillars were now in the 
second, third, and a few in the fourth stage. The weather was cool, 
and very few were spinning down from the trees. On June 7 another 
eXamination was made, and on the 13th the screen was moved and 
brought to the laboratory, where it was examined later in the season 
by Messrs. Proctor and Schaffner, but no gipsy-moth caterpillars 
were found. 


EXPERIMENTS AT CLIFTONDALE, MASS. 


Another experiment was conducted near Cliftondale, Mass. Per- 
mission was secured to drop wire screens, which had been tangle- 
footed, from the sides of a high water tower (Pl. VIII) at the old 
Saugus race track, which borders a large area of salt marshes. These 
screens were manipulated with ropes and pulleys in such a way 
that they could be raised and lowered in order to make examinations. 
On one side of the tower, to the eastward, no trees were growing 
for a distance of about 2 miles, and the nearest trees in any direc- 
tion, except for a few willow sprouts growing along the edge of the 
race track which will be mentioned later, were a quarter of a mile 
distant. 

Two screens, 34 feet long and 6 feet wide, were dropped from the 
east side of the tower, while another screen of the same dimensions 
was suspended on the west side. They were placed in position April 
30, 1910, and were examined at intervals until the middle of June. 
On May 11, a single gipsy-moth caterpillar was found on one of the 
screens on the east side of the tower, 25 feet from the ground. On 
May 18 a stock of newly hatched gipsy-moth caterpillars was lib- 
erated in the marsh 1,500 feet south of the tower at several stations, 
the idea being to give an opportunity for the larve to be carried 
by the wind to the tanglefoot screens. No caterpillars were found 
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on the screens as a result of this liberation. When the experiments 
were started it was planned to examine thoroughly a few willow 
sprouts, which were growing along the race track not far from the 
water tower, but on account of the pressure of other work this was 
neglected. In making an examination of the screens May 28 it was 
found that several old egg clusters and a considerable number of 
caterpillars were present on a clump of willow sprouts about. 25 feet 
from the screen on the west side of the tower. In spite of this, how- 
ever, no caterpillars were found on this screen during the season. 
There is a bare possibility that the caterpillar found on the screen 
on the opposite side of the tower may have come from some of these 
willow sprouts, but it is doubtful whether this is the case. The 
screens were removed June 13 and examined at the laboratory in 
the same manner as those already mentioned, but no other cater- 
pulars were found. 

The foregoing experiments were carried on mages natural cone 
tions and on a large scale, and in addition two other tests were made 
by Mr. Mosher. One large screen was built in the form of a cross, 
the same as the one placed on the tower at Mount Gilead. It was set 
up on land at Manchester, Mass., where the forest had recently been cut. 
Large trees surrounding this area were badly infested with the gipsy 
moth, and some sada data would probably have been secured 
from this experiment if a forest fire had not run through the area 
where it was conducted. ’ 

Another raft was constructed at Chebacco Lake in Essex, Mass., 
similar to the one used at Sandy Pond, but owing to bad weather and 
high winds it was impossible to anchor it securely in the center of 
the lake until it was too late to secure the data desired in the experi- 
ment. Before these tests had been carried very far it appeared 
desirable to check up the results in a more definite way, and in order 
to do this a series of experiments were planned, which were carried 
on by Mr. C. W. Collins and the writer on the salt marshes (PI. go 
between Lynn and Revere, Mass. 


EXPERIMENTS ON LYNN MARSHES, MASS. 


A box of egg clusters containing many newly hatched larve was 
attached to the top of a pole about 6 feet from the ground. . This 
point was used as a central station and was half a mile or more from 
any tree or tree growth. One end of the box (PI. IX, fig. 1), con- 
taining the egg clusters and caterpillars, was partly cut away with a 
knife, while in the other a small hole was made to allow the wind to 
blow through the box. Small screens, 2 feet wide and 6 to 8 feet 
Jong (Pl. X), were attached to stakes which were sharpened so that 
they could be pressed into the ground; so that when these screens 
were set up they were about 5 feet above the ground. They were 
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TRAP BUILT ON TOP OF OBSERVATION TOWER TO TEST AVIATION OF GIPSY-MOTH 
LARVA. (ORIGINAL.) 


Bul. 119, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE VIII. 


SCREENS TREATED WITH TANGLEFOOT ATTACHED TO WATER TOWER TO TEST 
AVIATION OF GIPSY-MOTH LARVA. (ORIGINAL.) 


[The screen on the left-hand side is not visible in the illustration.] 
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PORTABLE SCREENS USED FOR CATERPILLAR-AVIATION EXPERIMENTS. 
Trees at Oak Island, Revere, Mass., in the background. 


EXPERIMENTS ON LYNN MARSHES, MASS. 21 


covered with tanglefoot and were placed in the direction toward 
which the wind was blowing, the idea being that if the caterpillars 
were blown from the box which was set up at the central station, speci- 
‘mens might be caught on the screens. Owing to the variability of the 
air currents and the continued changes in the direction of the wind 
it was found better to use three screens, which were set up at distances 
ranging from 50 to several hundred feet from each other, but all at 
an equal distance from a central station. On May 6 a single screen 
was set up 50 feet from the central station. The wind was light and 
variable, but 10 minutes after it had been placed in position a cater- 
pillar was caught. At the expiration of an hour five caterpillars 
were found on the screen. 

It was then set up 100 feet from the central station. Four cater- 
pillars were caught in a short time. On the following day two extra 
screens were made in order to provide for changes in the direction of 
the wind. During the day two caterpillars were caught at 150 feet, 
two at 200 feet, one at 250 feet, and one at 300 feet.. On May 10 one 
caterpillar was caught at a distance of 350 feet from the central 
station, after the screen had been exposed for 3$ hours. On May 11 
one caterpillar was caught 500 feet from the central station, after 
this screen had been exposed for about an hour. The screens were 
then put up 600 feet from the station, and 30 minutes later two 
caterpillars had been caught. Two of the screens were then set up 
700 feet from the station and remained there until late in the after- 
noon. Before leaving for the night the remaining screen was set up 
in the direction of the prevailing wind and at a distance, which later 
proved to be 1,833 feet, from the central station. On the following 
morning a caterpillar was found on the last-mentioned screen. The 
supply of first-stage caterpillars being practically exhausted on this 
date, we were obliged to discontinue these experiments, but the screens 
were removed to another point on the marsh and set up at measured 
distances of one-fourth mile, 1,800 feet, 2,300 feet, and 2,800 feet 
north of Oak Island, Revere, Mass. This is a wooded island (Pl. X) 
of several acres surrounded by salt marsh; the trees are generally 
infested with the gipsy moth, and owing to its proximity to the ocean 
the growth of the larvee is considerably retarded. It was hoped that 
evidence might be secured that caterpillars were carried by the wind 
from this locality, but no larve were caught on the screens, although 
they remained in position until June 13. 

In connection with these experiments it should be said that prac- 
tically the whole of this salt-marsh area (Pl. IX) is flooded at high 
_ tide; hence it was possible to carry on the experiments during only a 
part of the day. The weather during April was cool, which is usually 
the case in this region near the seacoast, where the land is flat and 
exposed to strong air currents. The gipsy-moth caterpillars are not 
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very active unless the weather is warm, and when the experiments 
were conducted on cool days it was necessary to strike the box in 
which the egg clusters and caterpillars were confined in order to jar 
more of the larvee from the open end and induce them to spin down 
toward the ground. If a strong wind was blowing at the time, they 
would be caught up and blown away, and occasionally it was possible 
to see them drift 20 or 30 feet before they passed from view.. Table 
I gives a summary of the data secured in these experiments. 


TABLE I.—Direction and velocity of wind, at Lynn Marshes, Mass., May 6 
to 12, 1910. 7 


nd 


Sereens. Wind. - 
™ Soenarae Average x ep ber 
ate. . em- | oflarvee 
No D os Direc- | Average | perature.| caught. 
heantel eON TL tion. | velocity. 
| a ae 
Miles 
1919. | Feet. per hour. Shs 
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1 i ie eee eRe there eer OLS oe an fxs, | 2 700}. 1c Whol. |seS jen ae eee 0 
HD) Oe es A Sale ath he Fete A ee Ns | i 1.833 WwW. 7 to 19 51 to 66 1 


The temperature records and velocity of the winds were secured 
through the courtesy of the United States Weather Bureau at Boston. 

The notes that were kept on the marshes show that the direction 
of the wind varied slightly from the Weather Bureau records, and 
the former are given above. In ‘other respects there were probably 
minor differences, but they would not affect the result to any great 
extent. It should be noted, however, that on none of the days men- 
tioned did the wind maintain a velocity which was at all constant, 
and changes in direction were sudden and variable. This added to 
the difficulty in carrying on the experiments and made it necessary 
to change repeatedly the location of the screens. The most data 
were secured on May 7,and, by referring to the table, it will be noted 
that the weather was warmer than on any of the other days when 
tests were made; also the direction of the wind was more constant. 

These experiments indicate that the best opportunity for the dis- 
persion of gipsy-moth caterpillars by the wind is when the tempera- 
ture is above 65° and the velocity of the wind over 15 miles an hour. 
They further show that the young larve of this insect can be car- 
ried by the wind a third of a mile from a point less than 6 feet above 
the ground. This being the case, there is an opportunity for exten- 
sive natural spread by the wind. It is not necessary for the velocity 
of the wind to remain constant, as there is doubtless much dispersion 
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during sudden squalls or sharp whirlwinds, provided the tempera- 
ture is high enough to cause the caterpillars to become active. Early 
in the spring it is quite common to see papers or leaves caught up 
by such winds and carried several hundred feet in the air. This 
often results in these objects coming in contact with strong currents 
high above the earth and being carried many miles before falling. 
Undoubtedly the same thing happens when caterpillars are sus- 
pended from the trees by the silk which they spin, although abso- 
lute proof of this point is very difficult to secure. Several other ele- 
ments have an important bearing on this matter, such as the density 
of infestation and the quantity of silk which is produced by the first- 
stage larvee. 


QUANTITY OF SILK PRODUCED BY FIRST-STAGE GIPSY-MOTH 
LARVZ. 


A record is given on page 331 of the report on the gipsy moth, 
by Messrs. Forbush and Fernald, of the quantity of silk produced by 
first-stage gipsy-moth larve. The data were secured by inducing the 
larve to commence spinning, after which the end of the thread was 
attached to a reel, and the quantity produced was determined by 
multiplying the circumference by the number of revolutions which 
it was turned. In these experiments newly hatched caterpillars pro- 
duced the following quantities of silk: 4 feet 6 inches, 9 feet 7 inches, 
38 feet 2 inches, and 69 feet 4 inches. Older first-stage caterpillars 
spun: 53 feet 2 inches, 24 feet 2 inches, 3 feet 2 inches, 6 feet 4 inches, 
7 feet, 25 feet 3 inches, and 22 feet 6 inches. The record indicates 
that some of the caterpillars could not be induced to spin, but from 
the figures given the quantity of silk spun by newly hatched first- 
stage caterpillars ranged from 4 feet 6 inches to 69 feet 4 inches, 
giving an average of 30 feet 3 inches, while for caterpillars in the 
same stage that were a little older the record was from 8 feet 2 inches 
to 53 feet 2 inches, giving an average of 23 feet 8 inches. 

These experiments were repeated in the spring of 1911. An at- 
tempt was made to use a reel similar to the one already mentioned, 
but much difficulty was experienced, even when the larve were 
placed in warm sunshine and when spinning was encouraged by 
using an electric fan to make a strong air current. It was found 
that no spinning would take place when the temperature was low. 
Unless the larvee were constantly disturbed, they would climb up the 
threads which they had spun, and after this commenced it was diffi- 
cult to induce them to spin more or to prevent them from crawling 
up to the attachment on the reel. The same thing occurs in nature, 
and it is quite common to find first-stage caterpillars suspended 
from the trees bearing a small mass of white material beneath the 
mouth cavity or partly around the first pair of legs. Close examina- 
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tion will show that this consists of silk which the larva has spun, 
and it is probable that this adds to the buoyancy of the insect if it is 
caught up by the wind. | 

As the method of using the reel gave very poor results, two sets 
of experiments were carried on by Mr. C. W. Stockwell in the lab- 
oratory. He induced the caterpillars to spin, and attached the thread 
to the end of a stick 1 yard long. As the insect lowered itself, the 
thread was measured with the stick by raising and inverting it, and 
thus the larva was prevented from spinning to the floor of the room. 
In the first set records were secured from 18 newly hatched larve 
that had not fed. The quantity of silk spun ranged from 7 feet 6 
inches to 25 feet 6 inches, averaging 17 feet. Fourteen records were 
then secured from larve 8 days old, and the silk ranged from 12 
feet to 63 feet 5 inches, with an average of 31 feet. 

The results of these tests show that there is much individual varia- 
tion in the quantity of silk that caterpillars will spin, and it is prob- 
able that under favorable outdoor conditions much more would 
be produced than is indicated by the averages given. 

If 20 to 30 feet of silk is spun by a larva it will undoubtedly help 
it to remain in the air in case the thread is broken by the wind, and 
will probably add buoyancy to the insect and thus increase the dis- 
tance that would ordinarily be covered by wind spread. 


RELATION OF TEMPERATURE TO HATCHING OF EGGS. 


Temperature has a very important relation to the hatching of 
insect eggs; hence the time of larval appearance varies from year to 
year. Gipsy-moth eggs begin to hatch the last week in April, but 
the hatching is often deferred a week or more. Owing to the warm 
weather in March, 1910, hatching took place in the field as early as 
April 3, but the bulk of the eggs did not hatch-until much later. In 
the case of the gipsy moth—and the same principle governs in the 
case of other insects which winter in the egg form—it is possible to 
secure hatching in the winter if the eggs are kept in a warm room. 
The length of the period of high temperature which is required to 
hatch them varies with the season of the year. For example, gipsy- 
moth eggs collected late in December and kept at a temperature of — 
from 70° F. to 80° F. will hatch in about 15 days, while if the 
same collection is made in March hatching will take place in about 
half the time. This shows that as the normal time for hatching ap- 
proaches it requires a shorter period of warm weather to bring out 
the larve. : 

During the past four years the first date of finding gipsy-moth 
larvee in the field in Massachusetts was, in 1908, April 22; 1909, April 
92; 1910, April 3; 1911, April 28: The data for 1908 were furnished 
by Mr. W. F. Fiske. The other dates were secured from field reports 
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made to Mr. D. M. Rogers. The hatching thus recorded took place 
in localities which became warm very early in the spring, but this 
serves as a basis for comparing the temperatures. 

The entire period of hatching usually extends over a month. In 
fact, in some parts of the infested territory where the summer season 
is short, owing to the high altitude or to the northern latitude, the 
period is considerably longer. 

_Mr. Henry L. McIntyre, one of the general foremen in charge of 
moth work for the Bureau of Entomology, informs me that several 
unhatched gipsy-moth egg clusters were found July 1, 1910, at 
Winchendon, Mass., by scouts who were working under his direction. 
The clusters were well formed and were apparently fertile, although 
this point was not fully determined. 

He also reports that in the spring of 1908 he found egg masses 
in maple swamps near Portsmouth, N. H., that had not hatched on 
June 15. In 1909 he observed several egg clusters that had just 
hatched in a stone wall at Gilford, N. H., on June 4. 

This shows the variation in time of hatching in different localities 
and situations, but it is exceptional for hatching to take place after 
June 1. Additional data on the dates of hatching have been fur- 
nished by Mr. F. A. Bates, who has for many years been prominently 
connected with moth work, and from various other careful observers. 

The accompanying diagram (fig. 1) shows the range in tempera- 
tures for 20 days preceding and 10 days following the first report of 
hatching for the years 1908 to 1911. It will be noted that in 1910, 
when hatching was recorded April 3, nearly two weeks of warm 
weather immediately preceded hatching. In 1909 the warm weather 
was interrupted by several cold days, while in 1908 and 1911 hatching 
took place during the only warm period that occurred in the month. 
This last record shows the tendency of the eggs to hatch at the first 
opportunity as the season grows late. 


EFFECT OF TEMPERATURE ON ACTIVITY OF LARVZ. 


As the activity of the caterpillars after hatching as well a& their 
emergence from the eggs depends upon the temperature, several ex- 
periments were made to determine the temperature at which the 
larve are most active, since it is obvious that little distribution by 
wind would be possible unless the larve were active during the first 
stage. Accordingly, a series of laboratory tests were made by Mr. 
Collins. For this purpose a constant-temperature incubator was 
used, it being arranged in such a way that the thermostat which 
regulated the heat supplied by electric incandescent lamps could be 
changed without opening the incubator. 
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LABORATORY EXPERIMENTS. 


~ On May 38, 1911, 1,500 gipsy-moth caterpillars, 12 hours old or less, 

were placed in a glass battery jar, which in turn was placed for a 
short time in the laboratory yard where the temperature was 46° F. 
There was no activity, and later, when the jar was placed in the 
basement where the temperature was 48° to 50° F., the same result 
was observed. The jar was then placed in the incubator and the 
following notes were made by Mr. Collins: 


The temperature was held at degrees mentioned for from 10 to 20 minutes. 

52° F. No motion unless larvze were disturbed; then it was very slight. 

54° F. No motion in mass of larve. Two crawled 5 inches. 

56° F. No motion in mass of larve. 

58° F. No motion in mass of larve. Two have crawled 1 inch in 10 minutes. 

60° F. No motion in mass of larve. Two have crawled 6 inches; two, 4 
inches. 

62° F. No motion in mass of larvee. Fifteen larvee crawling. One elimbing 
up thread that had been spun. One spun 1 inch and crawled up. One spun 
4 inch. 

64° F. Motion in mass noticeable. Fifty larvie crawled actively, a few spin- 
ning. 

66° F. Motion in mass more noticeable. One hundred larve crawling, a few 
spinning short threads. 

68° F. Mass of larve active. Eight lary have each spun 74 inches. 

70° F. Almost every larva moving. 

72° F. Caterpillars all crawling about and spreading freely. 

74° F. Many spinning and hanging by threads. 

76° F. Larve very active and spinning. 

78° ¥. Half of the larve have crawled from jar. <All active. They spin 
rapidly. - 

80° F. Active and spinning freely. 

84° F. About the same us 80° F. 

88° F. Possibly a little more active. 

92° F. Larve crawling and spinning more rapidly. 

96° EF’. All caterpillars have left the jar and are on the move. It took this 
temperature to force all of them from the jar. 

100° I-. Larvee very active. They crawl very fast. but spin little. 

106° F. Same as 100° F. 

108° F. Larve gathered in masses; less crawling and spinning. 

110° F. Little crawling; larve squirming in the masses. 

After holding the temperature for two hours at 110° F. the incubator was 
cooled down to 82° F. Twenty-five dead larve were found, and the remainder 
were not very active. The temperature was then raised again to 110° F. At 
92° F. larvzee became more active, and this continued until 100° F. was reached. 
Most of them showed the effects of the previous high temperature. 


A set of observations was also made May 3, 1911, on first-stage 
caterpillars which hatched April 22 and were feeding in trays at the 
laboratory. No motion was noted at 54° F., but when the temperature 
rose to 62° F. they crawled slowly about on the food. At 68° F. 
they were crawling freely, and activity increased as the temperature 
rose, 
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On May 6 a large tray of caterpillars was placed in a room in 
direct sunlight and the temperature rose to 100° F. This resulted in 
abnormal activity, and many of the larvee spun a considerable quan- 
tity of silk. 

In order to check these experiments, Mr. Collins made a series of 
field observations in woodland in Melrose, Saugus, and Reading. 


FIELD OBSERVATIONS. 


May 15, 1911, visited woods east of the laboratory at Melrose Highlands, 
which had been badly infested and partially to wholly defoliated in 1909 and 
1910. Infestation not as bad this year. At 9.80 a. m. the temperature in the 
sun was 92° F.; in the shade, 84° F. 

All eggs have apparently hatched, and the caterpillars are in the first stage. 
There is plenty of foliage. Very little spinning was observed. In the afternoon © 
of the same day visited badly infested woods in Saugus. Temperature, 96° F. 
in sun; 84° F. in shade. A strong wind was blowing, which varied from 
northwest to southwest. TFirst-stage caterpillars were spinning some. If a 
branch was shaken, they would spin down and be blown away. 

On the following day observations were made at Reading, Mass. The tem- 
perature ranged from 85° F. in the sun to 79° F. in the shade; the wind was 
west and southwest, but rather cool. First-stage caterpillars were feeding 
steadily and spinning freely. Twenty very small first-stage larve and two that 
were nearly ready to molt were observed spinning down from a white-oak tree. 
Threads from 2 to 4 feet long were noted, but it was very difficult to determine 
the quantity of silk spun, as it is almost invisible. A considerable quantity 
of silk was noticed among the small twigs and branches on this tree, therefore 
it is evident that frequent spinning had been attempted by the larvee. 

Although few field observations were made to determine the tem- 
perature at which gipsy-moth caterpillars are active, it is evident that 
the results do not vary greatly from those carried on in the labora- 
tory. Experiments show that there is practically no activity when the 
temperature is below 60° F., and that only a part of the caterpillars 
move about at 65° F. Above this point activity increases rapidly. 


RELATION OF ACTIVITY TO THE SPINNING OF SILK. 


The above experiments show that the activity of the caterpillars 
is governed by the temperature, and it is obvious that the spinning 
of silk depends largely upon the activity of the larve, and hence 
upon the temperature. There are other factors, however, that enter 
into the problem, and these must be considered with the element of 
temperature. They are: 


Location where eggs are deposited. Condition of food plants. 
Degree of infestation. Direction and character of the wind. 
Kind of food plants. 


LOCATIONS WHERE EGG CLUSTERS ARE DEPOSITED. 


The egg clusters of the gipsy moth are not always deposited on 
the plant which furnishes the food for the previous generation. In 
fact, when the caterpillars are nearly ready to transform they usually 
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Fig. 1.—FEMALE GiPSY MOTHS DEPOSITING EGG CLUSTERS ON WHITE- 
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THE GROUND 


LOCATION OF CLUSTERS INDICATED BY 


Fic. 2.—E@G CLUSTERS ON STONE WALL. 
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OAK TREE SHOWING GIPSY-MOTH CATERPILLERS SPINNING TO THE 
GROUND. POSITION OF LARVA INDICATED BY ARROWS. 


Note that the tree is partially defoliated. (Original.) 
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seek places which are protected from the sun, and in such situations 
pupation takes place. The egg masses are deposited near the cases 
from which the femaleS emerged. Hence it is seldom possible to 


find egg clusters on the upper sides of the branches or twigs of trees, 


because the lower sides furnish more protection and they are sought 
by the caterpillars before pupating. For this same reason it is 
usually possible to find many egg clusters on tree trunks Just above 
the ground (PI. XI, fig. 1), especially if there is grass or other mate- 
rial which would furnish protection. Many larve, however, crawl 
from the trees and seek secluded places, sometimes at a considerable 
distance from their food plants, and rubbish piles, stone walls (PI. 
XI, fig. 2), lumber piles (Pl. III), outbuildings, or other protected 
places are often found 
badly infested with 
egg clusters. 

The larve which 
hatch in such situa- 
tions must of necessity 
find suitable food if 
they are to survive, 
and the more traveling 
it is necessary for them 
to doto accomplish this 
purpose the greater 
chance there is_ that 
dispersion by the wind 


pees Fic. 2.—Female pupal case and egg clusters of gipsy 
will take place. For moth on stone foundation under woodwork of house 


Arrows A indicate location of egg clusters; arrow B 


1 o 
instance, ess clusters indicates: location of pupal case. (Original.) 


are frequently depos- 
ited beneath porches or on the underpinning of houses (fig. 2), where 


_ it is impossible to destroy them without first removing a part of the 


building. After hatching takes place the larve can commonly be 


‘found wandering about in search of food* They often crawl to the 


roofs of the buildings, and if they spin down from such a location, 


which often happens, there is ample opportunity for dispersion by 


the wind. 

Asa rule the location of the egg clusters and the distance that the 
larve have to travel for food are important factors, because hunger 
causes them to search for food, and activity is essential to dispersion. 


DISTANCE FIRST-STAGE LARVA CAN CRAWL. 


It is important to know how far first-stage larve can crawl, as 
upon this factor depends the chance for the establishment of many 
new colonies. Experiments reported by Forbush and Fernald show 
that newly hatched larve have crawled from 36 to 144 feet before 
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dying. The tests were carried on under laboratory conditions which 
were unfavorable to the insects. 

During the winter of 1911-12 a few experiments of the same sort 
were tried at the gipsy-moth parasite laboratory, and records rang- 
ing from 31 to 188 feet have been secured. The conditions for 
making the tests were very unsatisfactory, and it is probable that 
newly hatched larve, without food, would be able to crawl, on the 
average, about 100 feet in the open before death would ensue. This 
does not give the maximum distance that the majority of larve 
could crawl, because many of them in going that distance would find 
some foliage which could be eaten and thus would be enabled to 
proceed farther. 


DEGREE OF INFESTATION. 


The degree of infestation has an important bearing on dispersion. 
When only a few egg clusters are present on a tree the larve have 
plenty of food, and it is not necessary for them to move about so 
actively. As the infestation increases the feeding conditions become 
more crowded, and, as a result, the larve are disturbed and large 
numbers of them spin to’ the ground. In badly infested places the 
alr is sometimes well filled with a network of silken threads, which 
are made by larve spinning to the ground (Pl. XII), and it is 
possible to see large numbers of them hanging from the trees. 

These conditions favor dispersion by the wind. 


KINDS OF FOOD PLANTS. 


At the time the gipsy moth first became noticeable in this country 
and caused so much damage, it seemed almost impossible to find 
plants upon which it would not feed. Many experiments were 
carried on with fifth and sixth stage caterpillars, which were fed in 
glass jars upon various kinds of foliage, and very few plants were 
rejected, especially if the insects were supplied with no other food. 
The results of these experiments were published by Forbush and 
Fernald in 1896. Since that time it has become gradually more 
noticeable that the larvee show marked preference for certain species 
of trees. This may be due to a gradual change of habit, or to the 
fact that caterpillars which do not find food which is most suitable, 
although they may strip and injure the tree, may not come through 
to maturity. 

There is considerable difference in food requirements of the small 
and the large caterpillars of this insect, the former not being able 
to survive on some species of trees upon which the larger ones will 
feed. The white pine is one of the trees of which this may be said, 
and it has been repeatedly demonstrated that the first-stage larva can 
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not live upon this tree. This being the case, dispersion by the wind, 
which is concerned chiefly with small caterpillars, is limited in its 
results by the food plants which the young caterpillars are able to 
reach, and this depends somewhat upon the ability of the larve to 
erawl. For instance, if caterpillars are blown by the wind and drop 
on cultivated ground or in pastures, they must perish on account of 
scarcity of food. Similarly, if caterpillars lodge in solid pine 
forests (Pl. XIII) they will perish for want of suitable food. 
In fact, the establishment of the pest in this way depends upon the 
larve being able to find suitable food. Either the larve must be 
dropped by the wind on a food plant that is favorable for their de- 
velopment or they must fall within crawling distance of it. In many 
sections of the country the foliage is unfavorable for gipsy-moth food; 
hence colonies have not become established. 


CONDITION OF FOOD PLANTS. 


The condition of the trees in an infested area has an important 
_ relation to the liability of the spread of the insect. Unfavorable 
food, coupled with warm weather, naturally stimulates the activity 
of the larvee, and this increases the chances for spread. If there are 
dead trees in the infested area the chances of wind spread of the 
larvee from them are greater than on healthy trees, as the caterpillars 
are unprotected from the sun and wind and move about continually 
in search of food if the temperature is high enough. 


DIRECTION AND VELOCITY OF THE WIND. 


Of all of the factors thus far enumerated perhaps no one is as 
important with regard to dispersion as is the wind. The others 
may be regulated or controlled to some extent but it is impossible to 
do this with the wind. For instance, it is possible to reduce the in- 
festation in any area so that wind spread is nearly precluded, because 
it is dependent upon the factors which have been mentioned, which, 
with the exception of temperature, can be controlled. 

The natural trend of dispersion of the gipsy moth has been toward 
the north and northeast. The spread of the brown-tail moth has 
been chiefly in a northeasterly direction, and the reason attributed 
to this has been that the prevailing wind during July, when the 
moths are flying, was from the opposite direction. Since the aviation 
of first-stage gipsy-moth larve has been proved, it is evident that 
a part, at least, of the more newly infested area is due to the action of 
the wind. It is also true that the prevailing winds in April and May, 
when the larve are small enough to be distributed in this way, is 
chiefly from the south and southwest. Table II gives the record of 
wind direction for 20 days in April and May, when the temperature 
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was highest, during the years 1902 to 1911. -Table III shows the 
wind direction during the same number of days for the lowest of the 
maximum temperatures. ) 


TABLE II.—Direction of wind during 20 days of highest temperature in April 
and May, 1902-1911. (From records of the United States Weather Bureau 
at Boston, Mass.) 


Temper-| Direction Temper-| Direction 
Date. ature. | of wind. Se. ature. of wind. 
ee Nore 

Apr.22; 1082 3: es aoeet ae 85 | SW. May. 22, 190 ee5 cece oe 92) W. 

Apr. 26, 1908 codes eo ine tn nee 84 | SW. May 23° 1902. scio3t See See 8&8 | SW. 
App: 29/1908 Jaleo sok ee g3| W., NW. || May’ 18, 190302....:.05.\ene 88 | W. 

Apr. '30; 1903" s.ce8 So eeeake 83 | 8. May 19, 1903..20-j.c2ns2s Stee 88 | SW. 
Apr. 19, 1909..... area rhe! Sono. May yg Us BE oom ease 88 | SW. 
Apr Deno = a seh ee ae SOU Vs May 29° LOW oot. eee 88} SW. 
ADD 28, Suto cas anon see wo OW May 26, 1904-2) jaa rere 87 | SW. 
Apr. 29; SOUT. ihe t. 2 eae 79 | NW., SE. || May 26, 1908. 0. tease hegre 87| SW. 
Apt. 6.1010. ene ee 78 | SW. May 21, 101i ae eee : 87 | SW 
DDE Mi O09 eae ati. Lee ee 76 | SW. May 19; 1906.22 32-2 eee : 86 | W. 

Apr. 290908" 2527, (ERS irate May 3) 1908.0 25.12 see 86 | SW. 
‘Apr (30) UO eos aaacee eee 75 | SW. May 24) DO Ov is. oot 86 | SW. 
Apraze, 00D s oo seis a (4) Wi: May-28. 1001.7. eee 86 | SW. 
Bipr. SU 907 see sote te Soe ee 73 | SW. Maiy 24, 1004 8:5 2. e se eeee ce 85 | SW. 
Apres, TOD): 002s ek ceaee 73 | NW. May i, 1 eee Se ee 85 | SW. 
Apr2i, 1905.5 22.2 Sethais ones 2 | SW. May 24° T902 as oe eee ee 84 | SW. 
Apryai, 1005S 72| W. Maie'7, 1908.87.) oe 84] SW. 
Apr; CoN coco i aon ae A May 20, M08 . ie Jen 2 eee 84| SW., NW. 
Apr. 23, ILS) 7 See ae 7, Ee Ws Mey 22 O08 8. ear Pony ates ae 84| NW. 
Apr. 28) OOo eee ce ae LAE NWA: May 12, 19082025. eatesees nese 84] SW. 


TABLE III.—Direction of wind during 20 days of lowest temperature in April 
and May, 1902-1911. (From records of the United States Weather Bureau 
at Boston, Mass.) ; 


Temper-/| Direction Temper-| Direction 
Date. ature. | of wind. Date. ature. | of wind. 


mm a a | ee,Ct—™ 


oF. °F. 

Apr. 4, 1908........ PEELS Ae 35 | NW. May 2, 1908) 5 an he ere 44| E., SE. 
Apr 2. S00 Ako 2 hee 35 | W. May 3. 1007.2, Ree a 44| E. 
Sy 7 ity een a Wale 36 | E. May 1, T0090. o8 oy abet ieee 45 | NE. 
Mees: 1003.) 7) os ee 37 | NW. May 7.1908. cs esebbep aes 46 | E. 
Rep 20) 1904. te ae 38 | N., W. May 3. 1003.4 a) so serene 47 | EB. 
Mat. 2) bee Polat ee ees 38 | N. May it7, 1905) 2.707 9 (erie 47 | NE. 
Aenie®, WS07 sp. Sake i ee 38 | E. May.22, 1800... ce ens 47 | NE, 
Rpy: OAGO7. 3. sees ets 39 | N. May 5, 1 eee es Lo 47| N. 
Aor 10, 1910: 25. 20 oe oo. 39 | W. Miay8, S001 So:  ee es 47 | W. 
Mae, P9089)... ici ae cae ee Bee 39 | W., NW. || May 28, 1906...........-.... 48 | NE. 
Agr A Ol eos ese 39 | SE. || May 2, LOD 72 Ae iron one 49 | NE. 
Rept 0s, 10142 Pale et 39 | NE. Magy, 190%. ).02d.coddeneee 49 | SE. 
Wit. AG, 1603 .ce. rae a 40 | NE. Nay Ws 19073. cote 49.| Hey 
Amt 16, 1904. -os c eeee 40 | NW. Mery 27, 190i i: jas de and Meee 49 | E. 
Rov: 2.1600": ihe ee 40 | N. Maryr8; 19080302. neer seo 49 | NE. 
Agsre30) UO09 oo ore ese. Sees 40 | NE. May 419108 Sse 22 eee ars 49 | NE. 
Oy Sa 1a 0 0 ROS AEE 40 | W. May 3, 1902-5... Ge gies 50 | NE. 
Ape 6 191t ide oy 40 | N. Magy 1904. 7 ee toe ee 50 | NE. 
Apt 40, 1902. 5 on 2. eee 41 | N. May 16,1905. 2. cece eee 50 | N., NE. 
Mnr'G; 1006.. >7.. 5. eae 41 | SE. May 10; 1906 et eee es 50 | W. 


A glance at these tables indicates that in April, when the tempera- 
ture ranged above 70°, 16 days out of 20 the wind varied between 
south and west. For the same month during the low temperatures 
‘the wind ranged between north and east for 10 days out of the 20. 
Corresponding figures during May show that for 18 days out of 20 
the wind was from the south and west, and for 16 days out. of 20 


- 
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the wind was from north to east. For the years mentioned, when 
there were bad woodland infestations in Massachusetts, the wind 
during the hot days was usually southwest, which would be most 
favorable for the spread of the insect into the region where it has 
since been found in scattered colonies. 

The relation of temperature and the direction and velocity of the 
wind are intimate, as shown by the tables which follow. 

It has been stated that wind spread is possible when the tempera- 
ture as recorded by the Weather Bureau is as low as 65°, but an 
increase in temperature makes the chances of spreading greater. 
Tables IV and V give the direction of the wind for the different 
years, at the Boston Weather Bureau station when the temperature 
was 65° or higher, and the wind velocity 10 miles per hour or more. 

In all cases where the temperature is 70° F. or above, italic letters 
and figures are used in the columns of the table giving the tempera- 
ture and the direction and velocity of the wind. Otherwise the letters 
and figures are in Roman. 


TABLE 1V.—Temperature and direction and velocity of wind on dates after hatch- 
ing of gipsy-moth caterpillars, 1902-1911. 


(Data from U. S. Weather Bureau at Boston, Mass.) 


Maxi- aa Maxi- * 
mum| Direc- ‘ mum] Direc- : 
Date. 24hours. | tem-| tion of Via Date. 24hours. | tem-| tion of pelea 
pera-| wind. ; pera-|\ ‘wind, | °) We. 
ture. ture 
Miles per Miles per 
1902. ba oe hour. 1902. OY oe hour. 
Ret | AM........:. Wekcae 12 || May 16| AM,PM..... 721 Woes. 20 
23 | PM, AM... Bib Wess 29 i Rie ae Bie aig ae 18 
24 watas « Wisees 2 26 18 | AM, PM..... 7 NW cee. 14 
Piemwegeeetas..) 662 | SW... 32 Deft: UME crete care 7 SWe238 16 
28 | AM,PM..... Td IN Wes awe 18 22a ea PMc oe SOAS 22 oe 23 
29 | AM,PM..... (dita hare meee eee 26 23.) AMP Me 3 <. 88 | SW..... 19 
io Gb) AM.......... BW... 19 24.| Ao PM... ahi alae 24 
Saree EM. Wl ive wate Pata 20 20) AM es 16 WSR. of 
8 | AM,PM..... 72| SW... 26 26 | AM’PM..... 80| SW... 6 
a Be Sel = Sin we Gor a Wsewocas 38 ik Wo Wine toe he 7 NS ee eo 20 
NG a PG | Ts 19 PA Sy as 600 Wak ee 33 
OO Or WOW oceoues 14 31 MERE oe SOF Sy, ae a 17 


Norte. —During the years 1902, 1903, and 1904 the Boston Weather Bureau did not record temperatv 2 . 
hourly, but took readings at 8 am and 8 pm each day. AM in the table refers to the reading made ‘n° 
the period from 8 am to 8 pm, while PM covers the following 12 hours. The direction of the winda id | 
its maximum velocity did not necessarily occur when the temperature was at the maximum, for the te 
perature may have been 65° or even less at that time. 
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Temper- _—sdDirection | vetocity 


Date. 24 hours. ature. of wind. of wind. 
| Miles 

1903. os per hour. 
I lo Side. Gills cis oak cca bc lveseldcawnevennd«'s ees ie tees Aree 13 
MENA Bete 20 vivian ee fed oe oe nab a oldies «vo osc cone shee SEN UNG Ws cm:ales wrssnp's 19 
SE ee ea, Me cieemie. dae dhe c > na uewhs ses 88 | SW 28 
a sac acta ap Vr a owes eine Haws s ae ook Seen sc vee as 76 | S.. 19 
een Ne eo ee eS Oe eee oe oh vie bivinwia cba’ ae = 13 
I Oh oe Bera s Tea ee ts reese te, Ue eee See 18 

ck tN Ne OS ag) 5 ae i See ae ek 7 eee. Sued Cope 20 
8 SEE, ic alah SIDS SRS FS Se ee ‘hi A eee 18 
es Sete Hoes Da OE eve Sic baee sehr ev cdudescbuche Gir tibitdcewhbeonackes 10 
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TABLE I1V.—Temperature and direction and velocity of wind, etc.—Continued. 


Temper- Direction Velocity — 
Dats: “pte ature. of wind. of wind. 
Miles 
1903 or per hour 
My cls) AMP 1) tals 2a, coos oe eee ee mee 84-|'"S e 9 
TG} AM, PM 3 22.42 ats cS cee be ecm etgeaee 87 | NZ oe ee 15 
pS OV WO! Ea os co eee ie ooh as a ry, A id Be le W88.\ 8S Wot 16 
20) PM ACM, i, Sie re Oe Denier ee ele es ene 80: Wee 16 
AMA I NCS ch eee ae sees eo ssh AES og Sa 84° | 8, SW aenee eee 18 
7 Ae O'R Sa BE ee I oie eee RO em AE ALT See 8h Wes oe tees 21 
BT OG Eee pie So oe oh See gets ete chen geste oe 67) NW ates 27 
74 Ws Deer ees rae ah mee tas oes RAS Nae CS om 68. | Szi5 ee omens 22 
aT CAVE SPE oe ee Seo Spee ke See eRe ee eres 73 1S) Wee ee 23° 
28 | CAME SPM. sme cece se eRe aes oie weet ae ee 76) S42 =e 27 
29") ANCAP M a cherie ot Aa ee ee ees eae ane oe 10. | Na ee ee 18 
oO) AME ee ace oe oa cee ee eee are ae ee 671 IN Sotaeteeeees 18 
1904. 
Avpre 10) {SANE Ne pete ROR ie oe er ee le a 65 19 
25 |! ASME 8S oe Seed Seen a Sa ei ete Ce teem eres Cet ae te eer 68 14 
Bi) AMEE 28 3 es ea ia ee Re ee ee eee 70 14 
May: 3) ACM oa ee ES Ee tee ie a a Oe eh aoe 65 15 
ACM, PM ee Se a roe oie ee aarti 80 Ege 
By AM. PM Sos ho ete eS Ie ae see aga 82 23 
7 ARM, PMI Mer ere ee Sec ee cena Open ae aay 81 22 
Ba AMae PM. sq cS > ale eee oe Oem ree 78 25 
TO) AIM oS ere Sh So ste Pa, See te reer ee eee 72 18 
DT | ASM ooo ee Sec ae Se ree ee ae ye 66 15: 
12) AMES ook oot ee eee, Seine ee eee ieee res 65 10 
PZ: | AIM ec cee SE Sere se Sete a. Sa ae ee 68 19 
70 ie 1's Meee eee See eC eres e eate Cac Se eicgeme unlenea AiCERD AAS 69 18 
0A Wa fe. EN Gel Sears i ae cee lee Sy ee CR ee cae a a I rir 17 
DD) \\\ ASMA PIRI Bots ae eatcce he Sie ce a a Spc Se ict hie epee gays oe 81/8 24 
93 | AIM PNM. ook oe ale smarts en ae ae mene noe mee 78 a7 
DA NNN SM rc CT oes ey nel ahs uaa fag cS ele coe ON 84 |W 16 
B53 1ee NE, CANES! lee ace aia econ Sn thee et te ee Th 24 
26) SANT, PINES Sie Sie Ss aac SOR. anos Bee a SRS ent ees ee 87 21 
2 ee. tite Sa a ae eM se Seascale 8&2 25 
7A Mae 5 CR 5 | ee ee Re beeen Maree esa es Wg 75 23 
BO i AON MEL ord Re Soo ete ee eer te me 80 24 
BO AM PM ek os ae acoA ae ae Se ee ie eee 72 22 
SINE oe wis esac me Sams ange tad ane Pe cle ra  e 65 13 
1905. 
Ape. 40) 010 a, as ovG tp: as ee eee ete as ee oe eee 66.1070 .| (SWe aero 14 to 28 
20 i) 0 a7. GOVAN. WSe scree a ee eae ei ae eee eee 65: tOr707 SWese- eee 14 to 25 
PA MEP Geom KOM Os sONsSS Aaa so Cth aes oeotoocdeace i Meee en 66.10.7245. S Wee 11 to 18 
PAT AYE seh 110) (Ojon Sle eos a Se aaa sas Voce aosioe Ss ec 681074 |S Weeeenaeeee 12 to 26 
30) L tole podlic ce epee eee eR one te Pp oe aes et ey 66 to72 | W.> NW... o. 11 to 13 
May 93, | 4UOnt pomih. «Sens ae kee eae ee ee» Serer 72 10-76 |S We. oeeoee 16 to 26 
6.) Siar sb oF MS penne eee cee ree tate eee eerie oer |= 60't079>| SS Wee 11 to 26 
T | oPaRLOw p, Mess eee eee ee cee eee eae oe ee 66t0 83 | W., NW...... 12 to 27 
B'|-3 to Bg. ams 6.0528) cde eee Ole en en eee 65 to 67 | SE, SW.......| 13 to 18 
9) Tica, watol2ep. ae eee ene fea te, REN 65 to 66 | NW.........-- 20 to 27 
AORSE US Roe Cn Mots Mee ee os Roh ak Asie be Sear abso ose Eecas 66: to 68") NW 2 eee 12 to 18 
1 EGov: os ego) 274 Oy 101 We AHO) oh) Opie eee ER ae ean eat < 68: tor? +| (SiWeeteoeeaee 10 to 19 
19: | AO a. COGS Pi ME see oe eter eee i eis aie oer ee 65:to' 68: |W 2-2 ae eeeeeee 14 to 18 
22e | Wee ean CORAM Mille ere oie eee ere ete ee eer ee ee ee 66:10:71), We So eee 11 to 14 
PANO RO yo 1s hot ae ae ae Same Sane Ba aio tec obe age 65/0 665) Sik o2aeee eee 13 to 14 
259A. tO 6p. meee. OES ones Seen Mag Meese Cees 67 tO |S Weare 15 to 19 
26) fam to 10 p: mse a eee ss soe e ee aie eee eevee 65073 SW aoe eee 14 to 35 
272407 pom., 9 tol psi e. ae Ss ta cece ate eee te a 67 to; 7b: SW... See 10 to 18 
28) Oia, aks GO; 5 Pail = een ieee eee hoe © a ioiselet tale ote RBtO:82- | IN Weewe noon 10 to 12 
29S aera. tevO path: wea gees ees ees Pe ne eee 70 to 83 | W.,S W...-=. 10 to 14 
30% 4 10S pms 2222. -- ai ee ie Mision alate Dyce Satter a 70!) IN Wea ree 0 
1906. 
Auced |}. toG sp ames Ss... cape Bese cee Aeron he ae eee 66,10,69/) Vesna 10 to 17. 
2a) 410.6 P.M... ote cake eh eeepc ee eee ae eee ee 65:10:66.) SW 2.0. enone 12 to 14. 
30:) Ela: im. fo. 12 mbae seca sone ent cere aoe eee eee 66.) SWinccoc.s sees 18. 
Mave | 12 mi. to 6p. Mba ob eee eect en tee = ee ee ee 66:10:68!) NW’... 325055 15 to 18 
Bt 8 60.8 PAM s o/s cade eichs Daze ee rate at ees te Be eed 65.10 67.) SAV ae 10 to 17 
Sule oN. 10:2 PMc eae ee ee eee ee eae 6GG0N70 | INI se eee eee 16 to 28 
AsO Di. MM a ais 8 cere SL. PA ee tre erie a ee G's SS Wit-s ss apeee 12. 
mt Ga, a. to 12m 2. bee... 2S. Seep ee  eee 68 G0 FI) SW we ake 10 to 17 
Ob tid. ans 10 Sp. Wisc ov. i. dicen J ocoe eee ne eee 65 to 67 | SE.,S........| 22 to 37 
Phi.i2m. t6-4p: m., 11 p.m.:to 12pm eee 6b: tei69 FON 22. fo. 2 11 to 25 
13 4a.m.to8p.m cde 3 tS othe ae stats Sloe ee eee 65 to 83 | SW., NW.....| 12 to 27 
TB SHO DOM ie cnr ahs oo odn'nte CP eee Le See See G5 i Sisco Seaeeme 10. 
i% Pips pm.) 10te 1p. Mi! as \: $0 eee Pee eee TELS! SE, SU eee 10. 
19:1} 12 p.m, t0.44..B1., 7a. 11 tO.11 p. Wie ei oes. 20. cere 65 to 86 Sw., NW....| 10 to 18. 
22 1toip AV Dat SRC errer rere rer errr sete 68 to 70 i eet ae 13 to 16. 
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TABLE IV.—Temperature and direction and velocity of wind, etc.—Continued. 


/ Temper- Direction Velocit 


Date. 24 hours. ature. of wind. of wind. 
oS: Miles 
1906. po per hour. 
SE ee AGU BL IF oe wln oes 12 to 27. 
Bete ee 2a, 1., 74. M. t03 P.M... 2... cece eecesns G10 TO Wine oc... 3's 10 to 16. 
IMU RE ATR Gaara lacks kanes otis ce alsenecascencees Ga merGse | BOW -j55-}.-.06 11 to’l5. 
60M 7 Shs VOTAS) faa 001 ES gee Se ae ea COTO Gale Orc 2 > os «os 10 to 13. 
1907. 
SSE 65 TA20 OW Ses eee 14 to 30. 
IMs ee ne ac nie Re eels we te a seese 6sito 63 SW. - 252 16. 
SC) USER VOGT ye ee Gate Fe |) S230 2 13 to 26. 
SE a er 66. TO'72"| Wk wee see 12 to 32. 
SE ROUND ws ce kent ee weet scene. G8 TOTae | cS oe oe or 20 to 30. 
Ch AE ie LE 2) G00 0 COAT LAS SUN ee eee 10 to 19. 
EN et Tt 8S So tases v- Paen nee 6S te'70" oS Wes. kes eae 10 to 14. 
Pp MEM IN TNIIEREIA eet osio <=. = Ean wie ee 6 See Sete See cee. 69:40 ST | OW ss. ee sede 10 to 17. 
SN ee ee a ee 65 to'67 | SW., NW... -.. 10 to 19. 
1908. 
EE TO TOSS | SWson: vs eo 11 to 20. 
2 OR. SS 1) JUTE 00 | Sa ees eee ae CO TOTSGAI AS Wace &- cates 10 to 18. 
ONE SS 1 a ee er 66 to 81 | SW a: 7.253 10 to 17. 
me Pawnee ca. >, 7 a.m. t0 12 p.m........2...--.--% CRO EL | Ss 2 rae Bae 10 to 30. 
NINN See gYID ie a Sale ee Seca econ ede s ees 70 to 75 | SW., NW....| 11 to 18. 
a VOCS TS Te oS eS ee GD COGS WS Ss se ose 15 to 16. 
ie LT RDS OS ee Gaon Loe SY wag Son acta 12 to 16. 
a a oe ee a COMO DOC WISe acetone Seen 10 to 17. 
Te OMl I TMs oS oe os sca waste ecie sce ccc clbessecsees 66 to 77 | S#., SW...<.. 10 to 14. 
24 | 12p.m. to 10a. m.,12m.tolp.m.,11p.m.to12p.m. 65 to 78 | SW., NW....| 10 to 13. 
“a |) ) 2 UES TS UAC ge en CG LONSe PS inne eee 10 to 27. 
Pee aietO ep). 9 to LO p. Mi... 2.2 2. ee eee eee 69 to 88 | SW., W......| 10 to 18. 
EH THEOLON ZIP IN 2's oS oc codes ccecccccncaeeesece GOTO SOs |S act one ee 10 to 13. 
a ea OL. oI. ono2. 2.2522 te esl oc wy wl cee Se as Gb FOGG (WEI sass nee LitoZ: 
TERR SEMEN EM oo oie cniasiz oo soc we eo eee weds ecenees GEOG |) SW. 8. oe 10 to 19. 
1909. 
oe aS ree 665to 68-) SW... 222-2... 11 to 13. 
RMINEMMNCDT OES (MIL oho eo ecco e se eee ene nate 68 to 83"| SW., NW..2..| J1t0 17. 
eae ES 6 On | Rr aa aS 0 | ee ae 11 to 27. 
i Sa COr LOVE el ING ee ete 10 to 22. 
So TEE TTS 0 Garto.7@ | NIWA 2 =. oo Ae 11 to 21. 
Pre ate lia. I, tO.9 Pp. WM... 52-2. ee ce eee eee ee GOTO. 47.|, SIV a2 son 10 to 19. 
II NIIRIIEIISED oon SS. oro oon wisn ea dos s0 dew tec cms 16tO' 81 | SiWE, NW. ace Le tous. 
0 8 PE 0 yo aa ae GAWtOLT EEA sec ere ee 10 to 16. 
STR S  eenc' 2.2 8 soi mei ence cece see sewers OD:COE WINS sees oo 12 to.18. 
RIERA oe we en ie nese lene 660.765) SW s-2 520s. 10 to 17. 
PME NIMEER EIS TIY is 8 | oe ob we nee se wiceetee acces et 6D COGS: SBE oee ee sues 15 to 17. 
TDA ER 7 0 oe 1 Lita 0 wr (0 I! Coe ee ee eae 14 to 26. 
UI TS CE 4 0 SS GOitOISO! (ONE sede <5 See 11 to 20. 
1910. 
INT 105 TUE oc oo oie cg ew oe eee ee eee eee eee OW CaS de ea te 10 to 13. 
SS ee ee 65 to 67 | SW.,NW., W.| 10 to 13. 
nn en nceencneceSae ss 65 to 69 | W., NW...... 10 to 17. 
15 | lla.m.to5 p.m GRIT a CIN WP ean se reed 11 to 15. 
19 | 5to6p.m BOO OZ. | Bieo. 4.5 26s) sa- 12. 
20 | 2to4p. GH TOOS HH S Wises ects os. 17 to 18. 
27. | 12m. to : 66 to 69-| SW., NW..... 11 to 14. 
3to6p.m OG; -EWMicte.2<<- 65. 10 to 12 
May 7/1la.m.to8p.m Ob te.70 | VW. . ncn. 10 to 17 
lla.m.to3 p.m BONG TS PW ee xe oh = 10 to 18 
10} 12m. to6 p.m Bote. 68.) NW cages asc. 15 to 27 
11 | 12m. to3 GR tA BG OW ao ot an kts 3 13 to 19 
17 | 2to8p. OG TT TD) |: Bac nts 2x08 10 to 12 
18 | 10tolla.m Gas WRW a dine = seed 18 
19 | lto6p. 65; b0' 68") (NW: . seo 17 to 26 
20 | 3to7 CBT | WF aca: cine 0K 10 to 14 
23 im. $07 p.m AL OE AN eS ee ee eee Gb TO Ca |S Wreaes en Sant 11 to 15 
eto oa, 20..7 (0 108. 10.,12 m. to ll p. m....-.-....... GO tO8E: "8 Wen. ccna aes 10 to 17. 
ae ean. 10 08, 1.,69. Mm. to8 p. M....-..-..-- 2c. e ene Dag OW ES eR CoO eee 12 to 17. 
EE FO, Wao ae nan pacar wane CeApevevesassswnsae 68 to 76 | SW., NW.....| 11 to 14. 
ICL a iss awbagicn xe o6.0sciathas so 0m10\s= cele a ty ona OD PWN sinlcdince 40 pat 11. 
LE citi te kp an cninm oer omekh aetadcuasenaks aus a ek Pee 12 
nt wri knethenackkursNc>adstadusnvesss> ass OD.) Biicds <tanandss 10 
1911, 
a Th ee Fe 65 to 68 SE., ew <.cc.... 10 to 17. 
27 | 8tol0a,m.,12m.to9p.m..... se as PUNE J dig Ee ao0 ce LSS ae | 10 to 16. 
28 | 12m. tol p.m.,7to8p.m..... PERS Ot Aeseee weak Jn fe 74to79 | SE.,SW...... 10 to 11 
Meal p. Ms t0 Pa, TH, 5 to? D. Wes... 2a. aes yneecnceess 65 to 76 | SW........... 10 to 11 
30 '8a.m.to4p.m..... MER EERE ned aah iene eb ae wae de are 65to75 | SW.... ..| 11 to 28, 


Fic. 38.—Diagram show- 
ing the proportion of 


time the wind blew in 
each direction, when 
wind spread was pos- 
sible, during April and 
May for 10 years, 
1902 — 1911. Records 
from Boston office of 
Weather Bureau. (Orig- 
inal.) 


THE DISPERSION OF THE GIPSY MOTH. 


TaBLE IV.—Temperature and direction and velocity of 
wind, etc. Bop re 4 


Temper- | Direction | Velocity 
Date 24 hours. ~ature. of wind. | of wind. — 
1911 Miles 

OF: per hour 

May 9) [2.m).to. 6 poms ese 66't0-72. |) Sune 11 to 13 

25 Sia ab Or 2 eine ances Sete 65 to 68 | W......-. 14 to 18 
D2 Ors Dawe Sj ee eels 60) | OIWEs ae aeee ; 

Oy |W AAT WOO) 0a WON ok Sooo hoe 65 to 68 | SE.....-... 11 to17 

7| 91a. ama pales ee ee 72 to 81 | W., NW...| 10. to 14 

8) 2anato.6 panes eee 66 to 81| SW....... 10 to 17 
9b to-2i pail arco 6ee ee eee TO SVE eee 5 

10 | 7a.m.to4p.m........... CV tO725| GN 11 to 25 

Ie) :Ota. mls COR 2p rem sss sie oe 69 to 8&4 | SW......- 11 to 26. 

WP) MIP I745 Os Tl OMe 3 Os Woe eco 67 to81 |S) Woseeae 10 to 19 

139} Olas ae LON spe aes se 66 to 80 | W., NW...| 13 to 18 

IS MO Bis ws iio) (jos wes eee 65 T0784) Si Weare 10 to 19 

16) |-9)a, 1m. tol spe meee. ses 69to75 | NW.. 10 to 16 

fod Date. of Ay Cop 00 amieeercien gre agp r 66 to71 | SE., SW.. 10 to 14 
18 | 8toll a.m.,4to5p.m.... 69 to\S2)\ Weaseee ce ; 

Pla) Wy aon UG) 406 0 ee ae UDIOCIE WTS V3. 5-5 11 to 14. 

22 | 12 p.m. to 3 a.m.,5 to 7 69 to 79. |S We.-.--: 10 to 11 

a.m.,10 p.m. to 12 p. m. 

Pay Po sails woh Aloe eee anes 76 | INES a 10. 

28°) libracam. to 2h sass see oes 65 to 86 | SW.....-- 10 to 14 

29) |"o.a. mm. tor U2) pee =e ae 67 to 88 | SW....--- 10 to 19 
30" (<4 00:5 A.M. 2k SaaS. aes 685 |c Ne eae 10. 


During the entire period covered by these 
records 51 per cent of the days when spread. was 
possible the wind was southwest. Figure 3- 
shows graphically the proportion of the time 
when the wind blew in each direction, as given — 
in the above tables. 

In the fall of 1907 the gipsy moth was found — 
extensively in New Hampshire, especially in the 
eastern part, and as a small strip along the 
seacoast in Maine was also infested, Weather . 
Bureau records are here added, which have been — 
secured from the Concord, N. H., and Portland, 
Me., stations. 


TABLE V.—Temperature, direction, and velocity of wind 
on dates after hatching of caterpillars, 1907-1911. 


CONCORD, N, H. 


Maximum : : Me 
Date. | Hours7 a.m. to7 p.m. in tee plore: 
Miles per 
1907. ORs hour. 
Apr 128: |" 12 G04. ten cee epee 65 | SW., SE 10 to 13 
99" | 2ulOieteeie o ese esen ce eee 660 KS eee 10 to 11 
30))| BtOrisecmere see ce cscemieers TE \ Sis, 12 to 20 
May” WO 4B tO ona eta eee aero 66 | NW.. 10 to 16 
13} 7 1095.2, 422 i cack to meee 79) iS Wee eee 11 to 16 
14) |PhL2 G0 baie Se ete cme cetne SIS cee 10 to 14 
1908. 
Apr, 23.| 12 t0.3,'5 t0'O. 4-2 2s 2D | SING es 10 to 14 
25 || GO: Va nactits don ses 685° SRE see see 10 tol 
Pa eo 0) Meee EE IS nh ie, eee 80| SW.,W 10 to 19 
Zi LOMO: Dersaae vicieinietereraigiste maaan 73! SZ... 11 to 14 
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DIRECTION AND VELOCITY OF WIND. oT 
TaBLE V.—Temperature, direction, and velocity of wind, etc.—Continued. 
CONCORD, N. H.—continued. 
Date Hours 7 a. m. to 7 p. m aang Direction of | Velocity 
—— he ss a ras wind. of wind. 
| | Miles per 
1908. av LP hour. 

Se 79| NW... 10 to 14 
a ae ES eee BE See es: 10 to 16 
INI Secession ese eee ee eee] CEA Me Pala tees 10 to 15 
Sg SSRI SS ae UM 0 ON A ate 10 to 14 
Te ee ee er 731 SW., W. 10 to 12 
I 0 8 Se bec dee een ites. ISAS) Del eens A 11 
ET ey RS ee ee MG |S. a taocs te 10 to 13 
ME ee eee gee ded ee Parl Sige | eens 10 to 13 
ho i eae ennenee 81| NW.... 10 to 11 
a tee eee SSW A 10 to 15 
ee eee 85) Wes... 10 to 12 
ee eee ne 75 i:| Bes SRT sce 10 to 11 
a ae ieee ee SOS ose eels. 10 to 14 

1909. 

IEE cel ee eee ee 74| NW... 10 to 13 
PE ne eo oe ne Ae ee ne cee os lees Oe as a eh 11 to 13 
a eee Pf Bibi sea ee 15 to 19 
ae SS SR Se 63: PINW 2g. 5583s 10 to 25 
i ES ee GR INOW S22 se ge 11 to 25 
a el Se Eo ae | Sy eee 10 to 13 
PIN ee ae ee ee ete 71| NW... 10 to 11 
gE OR aS es 74| NW... 10 to 13 
5 a a SiR SR Se Vi Wes 32 10 
eae RR la (cia Sh Ope Mee ce 10 
a a 68 |, NW 225-052. 11 to 19 
IE ce DLs ale te de dc cap dome FGe ON Wea oe 11 to 18 

1910. 

Ee ee nr 1Ot080.| SES. 55..2: 11 to 16 
2 a ee 66ab Was soo. 13 
EI ee bee se oe --b-e sees GStO72)| SB, B..22.--- 10 to 13 
ee aL ecco G610:G0"\) Wess. chess. 0 10 

NII oka ee beeen ee eee BOS ee tse. 10 
aS I SS a ee 65 to 67 | W.... 10 to 11 
eae Oh HOS Oona 10 to 18 
SII a le ee ew ee ne 65 to 60r), Gi oS bt 10 
a Se en anne ene SAB: | SW - 2. sk 10 to 11 
ST se he ee ee 66 to77 | SW.,S 10 to 16 
SS ee eee 66 to 69 | W..... 10 to 12 
CN J ee eee en eens nes CO |e ae 10 
Ms 8 eet eae ed 65 to71 | NW., N. 11 to 15 
OF isd he. oon Sc de i ae Bye Fe tee 1 

| 

1911. 
em SIRI 6 ne Se eet ene a- ee swe ste eG SehOrcG) | Weiser sete ae 11 to 16 
RE ee OG TOCT SE FSS ice re cm 11 to 13 
SE a eee ee 71t079 | NW.. 10 to 12 
a aR SR Se eee 78S hc MS See a et 13 
I oe oes oo sates obs G5 076 ji NW. 2.2 8-5 8. 10 to 14 
SS SE RE 1 TE COSS || Shee: eee. | 10to 16 
LE SC aie ee io ee SP teas | We... kas. | 10 to 14 
ee ck aes wae nee ee ee G8 te Tis), N Ween. ne. 11 to 16 
ee AALS | Te ea 12 
EE Se ee 16.to 74 | SW ae cS: 12 to 15 
Ee ee GR GEIR Nei oar Can sox 10 to 12 
es ahs con vids cae nena nn venus 1 AS Re a 11 
EE ie Se cen an ae 76to91| W,SW,NW..| 10 to 12 
Ge xt volcW adden tsmatne sce OC Tage ae reso 10 to 12 


i i 
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TABLE V.—Temperature, direction, and velocity of wind, cte.—Continued. . 
PORTLAND, ME. 
Maximum : : See 
a Direction of | Velocit 
Date Hours 7 a.m. to7 p.m. ee waned of iad 
ure 
: Miles 
1907 ° per hour. 
May rlO!|) 10 G02. cece Se Se Ge relate ei rene re me es a 65: T0167, |) Wieser 12 to 32 
1D Yale U0) Ae enn SN Peace See CD ergs Smet aye Sr yeti 67 to. 70°| S Ee ae eee 10 to 14 
20}: GGO RB cee Sa eater anes Sa a ek ai gS eR ee 65.) Wines) see eee 18 to 20 © 
1908. i ( 
Aspyr? 23:.\ 10 to:5: § 2. Soe Bo Le hee Aer rie a 67 to 76 || SW. 2.5 eee 13 to 20 
LOOT: 2c scan aoe Dee a ee ae ee ee CC eee 78 to 81S Weare 10 to 21 
May. lds) PStol Stora soe. eee eae seks Seinen aes ee 66 to'?7 | NES NVeeeeeee 12 to 23 
BD | 1 he A OD = oe ape crete bernie ay Seaeetm aot e 67 101697 | (Soe eee 13 to 14 
dae Os ec eg ee ee a pe ae A ae ee de ee Se 65° Ne eee 12 
AS) BGOra. os See Ne aeas ahas Sie Ue see ae eh a ee ce ae re G7is| Stas eee ee 10 
ALS TL Vas 18 Dah 10 SiS area Meat ep EC eg AS FD Clare big IE oy at 66 tO. 71 Se eon eee 11 to 18 
96 | 1 do Th os Pc ees eee ee eee 67 10:76) Sia. eee 12 to 18 
D7: | Bity San. Mac te aoe Se cea en nee Ane oe 78 to 87. | W., NW...... 10 to 16 
Sf HONS Se Sig Ae, a ee ee en SE eae 69 to 84'| W.,SW....... 13 to 20 
1909. = 
May? 6!) DOS. ote See oe ez acc Ge oe = te ey agree ee a 68 to'75, | NW.o.ke noose Oe 
113 DON 0 Ye) pee eves ee Ripe aie URL cone, ere Opes ee at ee a ee 665) (Sicko eee 11 
| TOP sk Se ae Slee aie a eet UU VR Te 655601674 IN Wiheeses eee 21 to 36 | 
0 Wiel 7 a0 ps ee iene Meee Naar n el AUN gM Seat eet See Me he 67 to 70) |) Wwe 228s ee oe 
DS UG ONG se <i hae cece ca en eee a Sa 66)T0'68: FANIW osseeeeeeee 12 to 14 
26. OtO As 555s sae See etter Ne eto oas, Sere eee 66 to 70 | NW.,S....... 10 to 17 
Qi | RD GO dD Ses es = cea cee Se RE ee Ne eee 68 | “Segoe oe 10 
DAE Ch Ota Serene Pi ec ia tone US ye eI Dae Ba Si 65 to 67°) NWes ee 20 to 24 
BL il Sito Maree aaaet eo tees wer wake Rn cen eee 65 to'7).\ NWe eee 12 to 2k 
1910. 
Nae o4s| AGO oe, alee ceria eae ok ere a OE Raa Aiea 65 | Wee eee 20 to 21 
Di Mh MQEDONS Se Sok tae ee a ees oe eee Oe ee eee 67 to'68:.| SWeeeesse-eee 10 to 15 
IMI | SRC OND tyne hes onthe e renee pe eaten SS cee ee 65:\ Wo Se eee 19 
Df.a| DE GOt as As oe Rar ee he ae Meee sre ee eee 65 to 69 | SE.,S....-.--- 11 to 15 
7A HL to Lal i ae are Sete lane Rich ate Me Bie mie, BN ee 65 to'67"| INW., Sicaeeeee 11 to 15 
2A Nt AM GOD eens Yi Oe iets NS eee ege ee ce ee ee ae G5 COGS tS e222 eee 10 to 16 
2st LD TOD. aoe ee ae) eke RN ee = ee ne 6510167 -|°St eee 14 to 18 
QU | DZ Oe a ese eee ae ee pacientes oe ote Se ne 65:10) 667)" Si ik eee 11 to 15— 
2D 2 COE Sos ae aes = ee rege ee cet 2 een ee eee 65 to 68 | SE....- oi ee 10 to 15 
1911 
Bpt 27 2 BOs os 2 ee banat op Sree ae eae es G5: (SE ase eee 10 
285, 9 to LO 2560.9 sae ae Reva epee Pee LVI SIN ei siae Penne cette 65 TOM. | Sey Vee eee 10 to 14 
2OOVANGO Ge aoe oo ake S ce Se cc ae ee a ee ee ee 68 toe. | Sa eee eee 10 to 12 
MAY a> 2 8 GON Hae oe ee rea rat ee east eT eee errr 66: Woh eee 18 to 20 
7 | '8:00'9, LOGO Gx-kes sete eee ea ae oe he ere oats 68 to:80 | W.5 IN Weeseee 10 to 18 
Bh EO GO ee aes eager a ee ae a eS a GROOT O82) Sota eee 13 to 19 
10 | 8 to 11; 1to.3, A toiGs. pees ee eee ee ee oe 65t075 | NW., N.,S...| 10to 15 
12-6 C07 21010 Zoe 2 et eee pete ne nee ee ere ees 66 10 722) S., So Weeeeeee 11 to 18 
138 tO: Sok odbc See eke eee ee Soe oe ee Cerone 66to76 | W., NW....-.- 14 to 20 
16>) 1O't0 6.50 os seen oo Aenea Aas et Soc See eee ee 65 t078 | IN W., Weeeese 12 to 16 q 
Ta ADO eee rte oe ee ee ee ee ee 61S ae eee 1 
iS OS Ws 9 mee i Ae gery eA ee Ne We ae ae Ye OS Ce 67 st0! 7 Sees oe 1 
USD COND, a od ne ee ce ae Arce a os, a eae Or CS AO TSA SEs ee eee cee 11 to 18 
Deh C2 COD. ts ,o08 oe Sepa ate ake eres as ean ee ieee =o ee 84 tOr88. Sie ees See 
PH iy Wee I 0 i ae ma gE pe teh a MG am ees ag ya OAT 65 to'69)|:S'. 20 ese 12 to 16 
2S (OTOL Oo ec ce Bee See ee ee ie ee ee ele poe eee ae 6671076 |S) eee 11 to 20 
BOR DCO Ae oo ee a oe eS Ee Sais tte Male = arene Teen Ph 10:80 So: 2 eee 10 to 12 
BO ll OMAR, aes abe 8 eS eR ah oct ea ccna n Se SE ets ae ete ee 66 to'700\ Sts 2 eaeeeeee 10 to 13 


In order to study these tables properly the data from each State 
should be considered separately. Hatching takes place later in the 
vicinity of Portland, Me., and Concord, N. H., than in the terri- 
tory surrounding Boston, because the season is later. In Massachu- 
setts the same conditions prevail in all of the towns which are on 
the watersheds of the Merrimac and Connecticut Rivers. An ex- 
amination of the records, however, shows that the prevailing winds 
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are in the same direction during the first half of June as in the 
month of May, so that little benefit would be derived from giving 
the additional data. 

For convenience the record of infestation has been divided into 
four periods (see map 1), viz: 

(1) The territory infested in 1900 at the time the work was dis- — 
continued by the State of Massachusetts. 

(2) The territory found infested as a result of scouting operations 
after the work was resumed in the winter of 1905-6 by the State of 
Massachusetts. 

(8) The territory found infested up to and including the winter 
of 1908-9. | 

(4) The territory infested at the present time, winter of 1911-12. 

The territory infested in 1900 when the gipsy-moth work was 
discontinued by the State of Massachusetts was confined to 34 towns 
and cities surrounding Boston, covering an area of about 359 square 
miles. None of the area was badly infested, but a very rapid in- 
erease of the pest took place as soon as efforts to check it were 
abandoned. The next two years developed few signs of increase 
in the insect, although in several localities it was somewhat abundant 
in 1902. An infestation was discovered in Providence, R. I., in the 
summer of 1901. In the summers of 1903, 1904, and 1905 the terri- 
tory in Massachusetts which had been most densely infested when 
the work was discontinued fairly swarmed with caterpillars, and, 
as little organized effort was made to check the insect, an excellent 
opportunity was offered for the small caterpillars to be spread by 
the wind. Map 1 shows the territory which was found infested by 
the scouting operations conducted by the State of Massachusetts, 
which were carried on during the summer and fall of 1905. The 
infestation had increased to such an extent that it covered 132 towns 
and extended from Portsmouth, N. H., to Buzzards Bay, including, 
as well, isolated colonies in Providence and Cranston, R. I., and Ston- 
ington, Conn., a total of about 2,224 square miles. 

Undoubtedly the greater part of this infestation was the result 
of wind spread, therefore map 1 indicates the number of days the 
wind blew in each direction during the period when caterpillars 
were in the first stage, and when the temperature and wind velocity 
were favorable to their dispersion. Eliminating the west wind from 
consideration, which would take the larve out to sea, it will be 
noted that, except for seven days when it was from the east and 
north, the direction of the wind would account in a general way for 
the infested region as shown by the map. It is probable that more 
area would have been found infested in southern New Hampshire 
in 1905 if it had been possible to scout the towns nearest Massa- 
chusetts, but there were no funds available for this purpose. 
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During the period from 1906 to 1909 a large extent of scouting 
was done by the State of Massachusetts in the territory outside of 
the area known to be infested, and, as a result, 44 new towns and 
cities were found infested. Isolated colonies were found at Green- 
field, at Palmer, at Springfield, and at Warren during the scouting 
operations, but all of them have since been exterminated. In New 
Hampshire scouting work was carried on under the direction of 
Mr. D. M. Rogers, special agent of the Bureau of Entomology. The 
infested area was found to have greatly increased. Scouting was 
also carried on in Maine and Rhode Island and showed that the 
infested area was increasing, and one isolated colony was found in 
Togus, Me. At the close of this period of scouting the entire area 
of infestation covered nearly 7,300 square miles. The greater part 
of the spread had been toward the northeast and northwest, and 
it is interesting to note that the prevailing winds blew in these di- 
rections, especially from the southwest. (See map 1.) 

During the period from 1909 to 1912 the infested territory has 
continued to increase. Nearly all the scouting work has been done 
by agents of the Bureau of Entomology, although a small force has 
been employed by the States of Maine, Massachusetts, and Con- 
necticut. The infested territory has continued to increase along the 
line of the prevailing winds, as is shown on map 1 and by its 
wind diagram. In the fall of 1909 an isolated colony was found 
at Wallingford, Conn., but careful scouting for miles in all directions 
has failed to locate other infestations in that part of the State. It 
is probable that egg clusters were brought to Wallingford on market 
boxes or in packing material. The thorough treatment which has 
been given under the direction of the State entomologist, Dr. W. E. 
Britton, and his assistant has reduced the colony to a point approach- 
ing extermination. The same is true of the colony at Stonington, 
Conn. | 

In the summer of 1911 the gipsy moth was discovered on an estate 
in the town of Lenox in the western part of Massachusetts, and 
scouting work has resulted in locating it in Stockbridge and Great 
Barrington. It is probable that in Lenox and Stockbridge the in- 
festation resulted from the receipt of a carload of nursery stock 
(Pls. XIV, XV, XVI) which was shipped by the Boston Park 
Department about 1909 to the estate where the infestation was found. 
The origin of the Great Barrington infestation is obscure, but fur- 
ther scouting of the town may uncover conditions which will explain 
the reason. The colony at Togus, Me., has been exterminated, no 
specimens having been found since 1908. 

As a result of the scouting operations during the past winter it 
is shown that 10,900 square miles are now infested with the gipsy 
moth. The territory which is now badly infested is well outside | 
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Row OF LARGE MAPLE NuRSERY STOCK INFESTED BY THE GIPSY MOTH. 


A gipsy-moth egg cluster is on the tree in the center of the picture, as indicated by arrow, 
just above the black spot. (Original.) 
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GIPSY-MOTH EGG CLUSTER ON SMALL NORWAY SPRUCE TREE IN NURSERY ROW. 


The upper branches of the tree have been tied up so as to expose the egg : 
cluster. (Original. ) 
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WEEPING MULBERRY SHOWING BIRD’S NEST AND NEAR BY TWO GIPSY-MOTH 
EGG CLUSTERS. 


Their location is indicated by the arrows. The egg cluster in the background is nearly 
obscured by the shadow. (Original.) 
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Wind chart indicating total number of days in which 
the wind blew in the directions of the arrows, for April and 
May of the years mentioned and when the temperature was 
above 65°. These were the days favorable for wind spread. 
Colored circles show area to which larvz@ were dispersed 
during the period. 
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GENERAL CONCLUSIONS. 4] 


of that which was infested in 1905. This being the case, the oppor- 
tunity for spread has greatly increased, and as the insect gradually 
becomes established on the western slope of the high lands in the 
central part of the State, the opportunity for serious damage in 
the Connecticut valley is rapidly increasing. 

In connection with the weather record given for this period it is 
interesting to note the corresponding data from the Weather Bureau 
stations at Portland, Me., and at Concord, N. H., as these data have a 
bearing upon the spread in the northern part of the territory. 


GENERAL SUMMARY. 


The map and wind direction records give a fairly good idea of the 
dispersion of the gipsy moth. The spread has been along the lines of 
the prevailing winds to so great an extent that the evidence is con- 
clusive that natural spread is accomplished chiefly in this way. All 
the records bear out this conclusion. It should be noted in the Con- 
cord records that the southeast winds were the ones which were most 
likely to carry the larve into new territory, while in Portland the 
south and west winds which predominated would do the same thing 
in that section. It should be remembered that neither Concord, N. H., 
nor Portland, Me., has been badly infested and that the spread must 
come from bad colonies nearer the center of infestation. 

The general “seeding down” of slightly infested territory by 
larvee spread by the wind is shown in some detail in the following 
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It is impossible to give a detailed explanation of the cause of every 
infestation. The weather records give strong evidence that the wind 
is responsible in a large degree for the spread of the gipsy moth, but 
the spread can be brought about only under the favorable conditions 
which have already been explained. The present apparatus for 
recording wind movements is somewhat imperfect, and as the wind 
is usually very variable it is probable that a greater local spread 
results than can be explained from wind records. Other things being 
equal, wind spread will start the most vigorous colonies nearest the 
bad centers of infestation,’ for the farther the caterpillars are carried 
the more chance there is for them to become widely separated, so 


10n May 19, 1912, Mr. C. W. Stockwell found that large numbers of first-stage gipsy- 
moth larve that hatched a few days before were being blown from an isolated block of 
birches into a pasture by a strong southwest wind. At a point 125 feet from this bloek 
he found from 21 to 27 larve per square foot; they were crawling about on the grass 
seeking food. On the posts of a wire fence, 185 feet from the birches, over 500 larve were 
found on each post, and smaller numbers of larve were found at a greater distance 
away. This substantiates the experiments previously made, and shows what happens 
in nature under favorable conditions. It also proves that the heaviest infestations 
brought about by wind spread will be nearest the colony from which the larve were 
spread. 
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that infertile egg clusters will result in case any are deposited. Cases 
are on record where a male gipsy moth has been attracted half a mile | 
by a female. This factor probably assists the species in becoming 
established at distant points. 


RELATION OF SCOUTING RECORDS TO WIND DISPERSION. 


The records which have accumulated showing the number of egg 
clusters found and treated by scouts in the various towns, as well as 
the reports of the work done by local superintendents, have been 
_examined for the purpose of determining whether information could 
be secured that would have any bearing on the dispersion of the 
insect. As a result of the examinations it appears impossible to give 
data covering the entire territory, since the records are incomplete 
™m many cases and they have been kept in various ways so as to make 
a comparison of little value. The plan has been to select several — 
towns and cities (see fig. 4) where complete records were obtained. 
The geographical locations of these are typical, so that the results 
will serve to illustrate the relation of wind to infestation as found 
by scouts. It should be remembered that no woodland area is in- 
cluded in the records cited, for only roadsides, orchards, and the 
erounds about residences were examined. 

In order to check this data a complete scout has been made of 
several towns by employees of the Bureau of Entomology, United 
States Department of Agriculture, working under the direction of 
Mr. Rogers. This included a careful examination of the wooded 
areas as well as the roadside trees. 


RECORDS OF DISPERSION OF THE GIPSY MOTH SECURED FROM 
REPORTS OF SCOUTING IN SEVERAL SELECTED CITIES. 


For the purpose of making a comparison showing the rapidity of 
infestation in different localities (fig. 4) the cities of Brockton and 
Worcester, Mass., and Nashua, Manchester, Concord, we Portsmouth, 
N. H., are given in Table VI. 


TABLE VI.—Record of egg clusters of the gipsy moth found in certain cities of 
New England during the years 1905-11. 


Cities. 1905-6 1906-7 1907-8 1908-9 1909-10 | 1910-11 


Massachusetts: 
IBTOCK(OM MS. ec Seton tates arenes ae 24 127 283 3,101 1,575 5,600 
WV OT CCSLOIAE op sts eaeter toca exons 0 44 275 
New Hampshire 
ASHUG foe bys as cdeioe cee nsee creer 0 9 176 910 16, 759 117,607 
IRTATICN CSR oF Ree oe ieee oat ae 0 2 53 456 (2 ) 1 16, 598 
POMCOTALS. oe aN ar oe ae ete eno 0 0 (3) 93 1,855 4,419 
IPortsmomiure. soe os eae eee ee 2 175 802 9, 417 72, 294 1 72,000 


1 Estimated. 2 No record. 31 pupa. 
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The records for the winter of 1911-12 are not given, as it was 
impossible to secure the information from some of the cities men- 
tioned. The data concerning the infestation in cities and towns in 
Massachusetts have been kindly furnished by State Forester F. W. 
Rane and his assistants, while similar data from the other States 
have been supplied by Mr. Rogers. It will be noted that the city 
of Brockton was found infested in 1905-6 and that the same is 
true of Portsmouth, N. H. An excellent opportunity is offered for 
comparing the number of egg clusters found in these two cities from 
year to year. It will be observed that at the end of the fifth year 
1,575 egg clusters were found in Brockton, while over 72,000 were 
treated in Portsmouth, N. H. This indicates very strongly that new 
infestations were continually being brought about through the spread 
of caterpillars by the wind. 

Somewhat the same conditions will be noted on comparing the 
record of infestation at Worcester with that of Nashua, Manchester, 
and Concord. The increase in Worcester for the period shown in 
the table is slightly less than that in Brockton, which shows that 
the wind was more favorable for spread in the direction of the latter 
city. 

It should be noted that all the newly infested points were treated 
each year, and in many cases colonies were exterminated, but as a 
rule a larger number of new infestations were found in different 
parts of the cities the next year, and the total of egg clusters usually 
showed an increase. 

In connection with these data it is interesting to consider the 
record of infestation in the State of Rhode Island. The gipsy moth 
was first found in the city of Providence in 1901, and some work 
was done to control the insect during the five succeeding years. 

In 1906-7 a careful examination was made by agents of the Bureau 
of Entomology in cooperation with the State of Rhode Island, and 
several towns surrounding that city were found infested. In all, 
79,000 egg clusters were found and treated. In 1907-8, 7,500 egg 
clusters were found, and the following winter only 1,164 were dis- 
covered. During the next two winters there was a slight increase 
in the number of egg clusters found, as several newly infested places 
were discovered. No work was done in the summer of 1911, because 
the State failed to provide the necessary funds. During the winter 
of 1911-12 an examination made by the agents of the Bureau of 
Entomology showed that the insect had increased rapidly, 37,293 
egg clusters having been found and five new towns having been 
infested. 

The territory infested includes both city and country, and the 
figures show how rapidly reinfestation takes place after suppression 
work is stopped. The data also indicate that the rate of increase is 
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Ir'ic. 4.—Map showing location of towns and cities in New Hampshire and Massachusetts 
where scouting records have been consulted: to compare the relation of infestation to 
wind spread. (Original.) 
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much less in this State than in the cities in New Hampshire noted 
in Table VI, which is due largely to the fact that the region is out of 
the line of natural spread and reinfestation by the wind. 

The common trees growing in Rhode Island are as much if not 
more favored for food than those in the cities mentioned. 


RECORDS OF DISPERSION SECURED FROM SEVERAL SELECTED 
TOWNS. 


In order to check the data just given the records of several out- 
lying towns (fig. 4) in different sections of the infested district are 
supplied in the accompanying table. 


TABLE VII.—Record of egg clusters of the gipsy moth found in certain towns of 
New England during the years 1906-1912. 


Pe PE ee x : 
Towns. _ 1906-7 1907-8 1908-9 1909-10 | 1910-11 | 1911-12 
Massachusetts: | 
ee 3 8 47 141 503 1,789 
0 ae iri 267 1, 417 4, 283 2,124 3, 448 (1) 
ae ec Ne Miewosemnlevc cass sc|e os oe oct. 846 | 1,897 
2b oe oe 2s ee eg 2S ee ae as ae cee ee eR ae (3) 14 341 | 142 
OL oso Sdok cee! seGe ce SOeSe Seal Gea paees eee an eee eee 1 140 | 1, 421 
aE Sell RES oe (ee ee, ban 7 156 378 
TIRE See hae oe ed eee ae eee (ite see. 9 45 455 
ECU ER ET Oe gee eek en OEM Moot Sess 32 12 3 4 33 
eenIeTOUlpe 8 cs Se 2. Sen ccd mos 4 87 765 (*) (4) 1 
ar el ee 1 4 524 3,613 412, 862 
New Hampshire: 
D0 0 a ae beeen See eee alee ent Ee 25 308 2,825 42,147 
IIE ee oo ge sce eww ae ete rectaael reece es 125 1,170 3, 260 (1) 
| 
1 No record. 27 collected. 31 pupa. 4 Partial record. 


The record of infestation—that is, the record showing the number 
of egg clusters found while scouting various towns from year to 
year—is interesting, as it gives in a way the rate of increase, although 
it should be understood that all egg clusters which are found are 
treated with creosote, and in most cases the infested areas are 
attended to during the caterpillar season and all the larve found are 
destroyed. Only roadsides, orchards, and private estates are ex- 
amined and treated. In most cases the towns have large woodland 
areas which it is impossible to examine owing to the expense involved, 
The record of the infestation is given for several towns, which shows 
that dispersion must be due to causes other than vehicles. 

The data for the town of Easton were furnished by Mr. L. W. 
Hodgkins, an agent of the State forester of Massachusetts, who had 
charge of a section of southeastern Massachusetts.for several years. 
The town has been examined and the infestations treated each year, 
the number of egg clusters showing a slow but continuous increase 
since 1906, the year when the first infestation was found. During 
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that year single egg clusters were discovered in each of three locali- 
ties. In the fall of 1911, 1,789 were found in 326 localities. 

The gipsy moth was first found in Hopkinton, Mass., in 1905, and 
the writer is indebted to Mr. G. A. Sands, of the Massachusetts State 
forester’s office, for data concerning this town. During the winter of 
1906-7, 267 egg clusters were secured from 39 different localities. 
In 1907-8, 1,417 egg clusters were secured in 30 localities. In 1908-9, 
4,283 egg clusters were found in 90 colonies. In 1909-10, 2,124 egg 
clusters were treated in 70 localities. In 1910-11, 3,448 egg clusters 
were found in 80 localities. In some of these colonies no egg 
clusters were located during the year following the first examina- 
tion, as the trees were burlaped, examined during the summer, 
and the colonies exterminated. In other places small numbers of 
egg clusters were found from year to year, but each year it was 
possible to obtain them in regions where they had not been known 
previously. 

The original colony in Hopkinton was southeast of the village, 
near the roadside. The following year infested places were found 
near the center of the town, and a few were located near the borders 
of the adjoining towns. The next year egg clusters were found well 
scattered throughout the town, especially in the residential section, 
and this condition prevails at the present time. Owing to the loca- 
tion of the various infestations, it is highly improbable that the 
insects could have spread by artificial means. For the past two 
years very little work has been done in this town to suppress the 
moth. | 

The data for several towns following were supplied by Mr. H. B. 
Ramsey, an agent of the Masachusetts State forester, and the writer 
is indebted to him for this and other valuable information fur- 
nished. | 

The condition in Westboro, a town northwest of Hopkinton, was 
not so bad in 1906-7, there having been found at that time only seven 
colonies. The number of colonies, however, steadily increased. In 
1910-11, 116 were located, containing 846 egg clusters, while in 
1911-12, 1,897 egg clusters were found in 214 localities. 

Directly northwest of Westboro is the town of Northboro, in which 
no egg clusters were found until the winter of 1909-10, although 
three pupal cases were secured during the previous year. Northboro 
is west of Marlboro, which was found infested in 1905, and if dis- 
persion of the species was equal in all directions, should have become 
infested rapidly. During the winter of 1909-10 five colonies were 
found, 14 egg clusters being treated in them. They were located 
in the southeastern and north-central parts of the town. The fol- 
lowing year 95 colonies were secured, and in these 341 egg clusters 
were treated. In 1911-12, 1,421 egg clusters were found on 180 
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estates. The colonies were scattered through practically every sec- 
tion of the town, a few more being found near the center than in 
the outskirts. 

Northwest of the town of Northboro is the town of Boylston 
(fig. 5). One egg cluster was found here in the winter of 1909-10, 
and during the following year 140 were found in 41 different locali- 
ties. In 1911-12 141 egg clusters were found in 41 localities scat- 
tered over the town. 

West Boylston, a town directly west of Boylston, was scouted 
by the inspectors employed by the State of Massachusetts in the 
winters of 1907-8 and 
1908-9, but no egg clus- 
_ ters were found. During 
the winter of 1909-10 
seven were secured on 
five estates, and during 
the following winter 30 
estates were found in- 
fested with 156 egg 
clusters. During the 
winter of 1911-12 378 
egg clusters were found 
on 75 estates. 

The town of Holden, 
which is directly west 
of West Boylston, 
shows an increase quite 
similar to those already 
mentioned. A single 
female pupa was found 
during the winter of 
1907-8, but the follow- 
ing = nothing os Fie. 5.—Map of town of Boylston, Mass., showing in- 
discovered when the crease in gipsy-meéth-infested localities, 1909-10 and 
ScOmtwas made. Inthe 1910-11. (Original. 

Bier of 1009-10: rine, © Mavs fnertstion fou tn wins 1000-10 
estates were found in- 

fested, each with a single egg cluster, while in 1910-11 10 estates were 
infested with 45 egg clusters. In 1911-12 a large increase was found, 
455 being discovered on 67 estates. 

The city of Worcester is located south of Holden, and was first 
found infested in the summer of 1907, when Mr. D. M. Rogers found 
a few caterpillars on an estate on Hope Avenue. During the winter 
of 1907-8 the city was scouted and 44 egg clusters were found on 


seven estates, These were well scattered over the city, and, owing 
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to the large traffic by automobiles and trolley cars from the badly 
infested district in eastern Massachusetts, it is very probable that 
the infestation may have been brought about by the carriage of cater- 
pillars in this way. These colonies received careful attention during 
the summer. In the winter of 1908-9 16 estates were found in- 
fested with a total of 32 egg clusters. Fourteen of these estates 
were near Worcester Academy; the othe: two were in the eastern 
section of the city. Only a few egg clusters were found on the 
estates which were infested the previous year. In 1909-10 10 in- 
fested estates were found, with a total of 31 egg clusters, well scat- 
tered through the city. Only one of these was on property which 
was found infested the previous year. In 1910-11 275 egg clusters 
were found on 145 estates, every section of the city being included 
in the infested area. In 1911-12 3,570 egg clusters were found on 
424 estates. It seems probable that during the period from 1907 to 
1910 the greater part of the infestation may have come from traffic, 
but one can not escape the conviction that during the summers of 
1910 and 1911, as the infestation to the south and southeast became 
more pronounced, a large number of the colonies resulted from wind 
spread. It should be remembered that the chances for spread by 
traffic in a large city are far greater than in the country districts. 
The data concerning Worcester are given because the city resembles 
many of the towns mentioned, inasmuch as it is very hilly, so that 
spread by air currents is very probable. 

The town of Millbury, which adjoins Worcester on the south, has 
a record which is of considerable interest, inasmuch as the infesta- 
tion has been decreasing from year to year. In the winter of 1907-8 
32 egg clusters were found on five estates. These were all located 
in the central part of the town not far from the railroad. The 
following year no new egg clusters were found in these localities, 
but two other infestations, containing 12 egg clusters, were located, 
one near an infestation of the previous year, close by the railroad, 
and the other a considerable distance west of any previous infesta- 
tion. In the winter of 1909-10 three new infestations were found, 
each containing an egg cluster, but no clusters were found in the old 
infested area. In the winter of 1910-11 nothing was found in the 
area infested the previous year, but three separate infestations, con- 
taining four egg clusters, were found in the Bond Hill section of 
the town east of the railroad. In 1911-12 33 egg clusters were found 
in six localities. The conditions in this town are quite different 
from those in any town previously mentioned. So far as is known, 
no bad infestations occurred in the region directly south, so that 
there would be far less opportunity for spread by the wind than 
would be the case in the other towns mentioned. It seems probable 
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that early infestations may have been brought about by automobile 
traffic, but this, of course, can not be proved. _ 

The data from the two towns of Pepperell and Townsend, which 
are nearly due north from the towns already mentioned and are 
bounded on the north by the New Hampshire State line, have been 
furnished by the local moth superintendents, Mr. J. Tune and Mr. 
George E. King, and are given, as they show a contrast in the increase 
in infestation over most of the towns already mentioned. 

The town of Pepperell was found infested the same year as were 
the town of Westboro and the city of Worcester. It lies about 40 
miles north of Westboro, and instead of immediately adjoining towns 
that were infested with the gipsy moth in 1905, as was the case in the 
town of Westboro, it is located more than 12 miles from the nearest 
town that was found infested at that time. In the winter of 1906-7 
4 ege clusters were found near the center of the town by State in- 
spectors. These were properly treated, and during the following 
winter 87 egg clusters were discovered and creosoted. In the winter 
of 1908-9 756 ege clusters were found, and since that time the insect 
has become so abundant that no effort has been made by the local 
moth superintendent to keep a record of those that were found and 
treated. 

The town of Townsend adjoins Pepperell on the west, and was 
first found infested one year later than the towns of Pepperell and 
Westboro, and the same year as the towns of Holden and Millbury, 
a record of which has already been given. The infestation in Town- 
send is interesting, inasmuch as the record has been carefully kept 
by the local superintendent, Mr. George EK. King. In the winter 
of 1907-8 1 egg cluster was found in the western part of the town. 
It was treated with creosote, the trees were burlaped, and later 5 
caterpillars were found and destroyed. In the winter of 1908-9 1 
ege cluster was found in the eastern part of the town and treated 
in the same way, and 3 egg clusters were found near the center 
of the town, and as a result of burlaping 15 caterpillars were 
killed during the summer. The following winter 65 different colo- 
nies were found scattered throughout the town. Five hundred and 
twenty-four egg clusters were treated and 10,500 caterpillars were 
destroyed during the summer. During the winter of 1910-11, 245 
colonies were found scattered throughout the town, a large number 
being in orchards along roadways. In these colonies 3,613 egg 
clusters were destroyed, and later in the season about 20,000 cater- 
pillars were killed. On February 27, 1912, Mr. King informed me 
that 12,862 egg clusters had been found in 257 localities, and that 
the work for the winter of 1911-12 was not nearly completed. The 
increase in the number of colonies found and the number of egg 
clusters and caterpillars destroyed is in marked contrast to the 
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record of infestation of Westboro, which was much nearer the badly 
infested territory, and, other things being equal, should have become 
badly infested sooner than Townsend, where the first infestation was 
located a year later. 

The scouting of Dunbarton and Farmington, N. H., has been car- 
ried on by scouts working under the direction of Mr. D. M. Rogers, 
and Table VII shows that the infestation has been greater than 
that in the towns given in central Massachusetts, and about the 
same as that found in Townsend. 

It will be observed that in Westboro seven colonies, containing 377 
egg clusters, were found in 1906-7, which indicates that the moth 
was present the previous year, and probably would have been found 
if there had been sufficient time to make a thorough inspection. 
In the winter of 1911-12 214 colonies were found and 1,897 egg 
clusters were treated. When this is compared with the record given 
for Townsend, which started from one egg cluster in the winter of 
1907-8, one can not escape the conviction, inasmuch as most of the 
infestations recorded in the winter of 1911-12 were in localities which 
had previously not been known to be infested, that the rapid infes- 
tation of this territory was due to the dispersion of young caterpillars 
by the wind. 


PLANS FOR SCOUTING WOODLAND AREAS. 


Many data have been given showing that the dispersion of the 
gipsy moth is largely due to small caterpillars carried by the 
wind, but it seemed desirable to determine whether the woodland 
areas in the towns where only a few colonies existed were becoming 
infested by this insect. The matter was thoroughly discussed by 
Messrs. Fiske, Rogers, and the writer, and as a result plans were 
made to scout large areas in several of the outlying towns. The 
plans were approved by Dr. L. O. Howard. It was arranged that 
the scouting work should be carried on under the direction of Mr. 
Rogers, and it was begun in October, 1911. Owing to the severe 
winter and heavy snowfall in the infested territory it was impossible 
to finish all the towns until late in the spring of 1912. The work was 
carried through, however, and a statement of the results follows. 

The original plan contemplated the examination of every tree in 
the whole or a part of the towns of Lisbon and Yarmouth, Me., 
Milton, Tilton, and Bennington, N. H., and Gardner, Grafton, and 
Wareham, Mass. (See fig. 6.) It will be noted that these towns are 
located in the sparsely infested area (map 1),and it was expected that 
some interesting data on wind dispersion would be secured. Work in 
Bennington, N. H., was carried on under the direction of General 
Foreman I. L. Bailey; that in Maine and in Tilton and Milton, N..H., 
and Grafton, Mass., was directed by General Foreman H. L. McIn- 
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tyre. The work in Wareham was carried on under the direction of 
C. E. Totman and C. B. Whitaker, while that in Gardner was di- 
rected by Henry N. Bean. It should be noted at the outset that the 
character of the forest has a great influence on the liability to infesta- 
tion, because if the caterpillars are carried by the wind and dropped 
upon trees upon which they can not feed, no infestation will result. 
Therefore it is to be expected that in sections where coniferous trees 
predominate the chances of new infestation will diminish, even al- 
though the region is in line with the prevailing wind during the time 
the caterpillars are likely to be carried by it. 


RECORD OF SCOUTING IN LISBON, ME. 


On October 23, 1911, the work in Lisbon, Me., was begun by Mr. 
C. E. Totman and a crew of experienced scouts, and the territory 
north of the Androscoggin River and east of the Maine Central 
Railroad was examined. This covered about 164 square miles, about 
40 per cent of which was woodland. The land in this town is rolling. 
and a considerable portion is cleared and cultivated. 

The percentages of the various kinds of trees in the regions scouted 
were estimated by Mr. Totman, as follows: 
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It will be noted that about half of the food plants (conifers and 
ash) are unsuitable for food for first-stage gipsy-moth caterpillars, 
so that of the 16} square miles covered only 3} square miles of the 


area supported trees upon which the gipsy moth would survive if 


it were introduced. The oak, which is the favorite food, comprised 
only 3 per cent of the tree growth. Roadsides in this town 
were scouted in the winter of 1910-11, and nine infestations were 
found in the territory under consideration, a single egg cluster 
being obtained in each locality. These were treated at the time. 
The results of the present scouting showed that no infestations were 
present where eggs were found last year, but 18 new infestations 
were located. Only one of these was in woodland, and in this case 
seven egg clusters were found on the bank of the Sabattus River. 
Thirteen egg clusters were found on trees along the roadside, east 
of the town. and two were located on another road near by. Each 
cf the remaining infestations at different points along the highway 
contained a single egg cluster or a pupal case. It is improbable 
that the infestations along these roads resulted from previous in- 
festations, although a few egg clusters may have been overlooked. 
Lisbon is located at least 70 miles from badly infested territory, so 
that bad woodland infestations were hardly to be expected. 
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Fic. 6.—Map showing towns and cities in New England where woodland scouting was 
done, 1911-12. (Original.) 
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RECORD OF SCOUTING IN YARMOUTH, ME. 


- Scouting operations were commenced in Yarmouth, Me., on Octo- 
ber 23, 1911, by a crew of experienced scouts under the control of 
Mr. A. M. G. Soule. All the territory east of the Grand Trunk 
Railroad and south of the Maine Central Railroad, about 7 square 
miles, was examined. This section of the town of Yarmouth con- 
sists largely of cleared land and pastures. The wooded areas are 
in relatively small blocks, less than 3 square miles of the area being 
in woodland. The tree growth was rated by Mr. Soule as follows: 
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It will be noted that nearly one-half of the trees in the area are 
oak; that conifers were 10 per cent less than in the district scouted 
in Lisbon; and that the area, although smaller, was more suited to 
rapid infestation, owing to the character of the tree growth. 

During the winter of 1910-11 15 infestations were found in the 
entire town, 7 of them being in the area under consideration. Ali of 
these places were along the highways or in orchards. Five of the 
- seven each had a single egg cluster, one had two clusters, and in the 
other a pupal case was secured. No egg clusters were found in these 
places this year, but a total of 27 infestations, containing 56 egg 
clusters, was discovered. Five of the colonies were in woodland, and 
in one of them 17 new clusters and 1 old one were found. 

Yarmouth is located nearer the badly infested area than Lisbon. 
and more woodland infestations should be expected than in the case 
of the latter town. 


_ RECORD OF SCOUTING IN MILTON, N. H. 


On October 25, 1911, a crew of experienced scouts under the direc- 
tion of William Sarsfield commenced the examination of the trees in 
Milton east of the Boston & Maine Railroad. This territory is hilly 
and the towns south and southwest of it are generally very badly 
infested. The area examined covered about 18 square miles, 13 of 
which are wooded. The forest growth was as follows, according to 
estimates furnished by Mr. Sarsfield: 
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In the winter of 1910-11 the orchards in this area were scouted 
-and 21 infestations were found, practically all of which had a single 
egg cluster. In the whole town, the greater area of which is on the 
west side of the railroad, 159 egg clusters were found in 55 localities. 


54 - THE DISPERSION OF THE GIPSY MOTH. 


In 1911-12 14 woodland infestations of 59 egg clusters and 22 
orchard and roadside infestations of 202 clusters were found east 
of the railroad. The woodland infestations were in the territory 
between the Milton railroad station and the south end of the town. 
Jn the part of the town west of the railroad only the roadsides and 
orchards were examined, and 6,602 egg clusters were found in 57 
localities. | 

The results of scouting in this town show that the infestation is 
increasing rapidly in both woodland and orchards. The figures for 
the two years are significant, for in the western part of the town 
the infested localities in one year more than doubled, and the number 
of egg clusters was more than 40 times greater than the previous 
year. 


RECORD OF SCOUTING IN TILTON, N. H. 


Examination of Tilton, N. H., was begun November 1, 1911, by 


Mr. C. E. Boardman and a crew of experienced scouts. The area 
of the town is about 10 square miles, less than one-third of this 
being wooded. According to Mr. Boardman’s estimates the tree 
growth is as follows: 
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In 1910-11 the roadsides and orchards in the town were scouted, 
and four infestations containing 889 clusters were found. In one 
of these over 800 clusters were treated, and during the following 
summer over 4,800 caterpillars and pups were destroyed under 
burlap. As a result of the present scout only 11 egg clusters were 
found in three orchard and two woodland infestations, one of the 
latter being near the bad infestation of the previous year. This 
shows that good work was done in controlling and reducing the 
infestations found and that reinfestation by natural or artificial 
spread in this area has been slow. 

Tilton is located 20 miles north of Concord, N. H., wand most of 
the badly infested area lies to the southeast; some, hogs is near 
Concord and extends to the south. 


RECORD OF SCOUTING IN BENNINGTON, N. H. 


Bennington is located about 25 miles west of Manchester, N. H. 


The land in the eastern part of the town forms a part of the ~ 


watershed of the Merrimac and Contocook Rivers. Almost one-half 
of the area is wooded. An examination of this town was begun 
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~ November 1, 1911, by scouts in charge of Mr. W. T. Kelly. The tree 
growth was rated by him as follows: 
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Tn all about 5 square miles of woodland were scouted, and as the 
town is very hilly it was hoped that evidence of wind dispersion 
might be found on the high land. 

In the winter of 1910-11 the roadsides and orchards were ex- 
amined, and eight egg clusters were found in two localities. As a 
result of the present scouting no infestations were discovered in 
these places, but two new orchard colonies, one containing eight and 
the other three egg clusters, were found. No egg clusters were found 
in the woodland. 

Practically all of the badly infested territory lies to the east and 
south. 


RECORD OF SCOUTING IN GARDNER, MASS. 


On April 26, 1912, scouting in Gardner, Mass., was begun by Mr. 
F. W. Foster and a crew of experienced scouts working under the 
direction of Mr. H. N. Bean. A part of the woodland west of the 
Boston & Maine Railroad and north of the Fitchburg Railroad, 
covering almost 2,368 acres, was examined. Owing to the predomi- 
nence of coniferous and sprout growth two other areas were selected 
north and east of the town, where deciduous trees were abundant. 

Gardner is on the ridge of land which forms the watershed of the 
Connecticut and Merrimac Rivers and their tributaries, and on 
account of its elevation, about 1,300 feet above sea level, it was 
thought that evidence of wind spread of the larvee might be found. 
The examination showed, however, that the forest growth was not 
favorable for infestation. The season is considerably later in this 
locality than in the lower land near Boston. 

Gardner is a large chair-manufacturing center, and most of the 
hardwood has been cut off, presumably to be used for that purpose. 

The kinds of tree growth examined were rated by Mr. Foster as 
follows: 
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Many orchards in this city are slightly infested, but no large col- 
onies have ever been found. The scouting work resulted in the dis- 
covery of only one infestation in woodland which was located far 
enough from orchard infestations so that the larve might have been 
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carried a considerable distance by the wind. The infestation men-. 
tioned was in a small block of woodland, mostly deciduous growth, 
which borders Crystal Lake, and is west of Woodland Avenue, and ~ 
in this place four new egg clusters were found. Another+infestation 
of a single egg cluster was on a maple tree 500 feet from the high- 
way, but there were two infested orchards within 1,000 feet, and it 
is probable that the spread came from these orchards. The cater- 
pulars may have been carried by the wind or on men or animals. 
A third infestation was found near the Winchendon line, but egg 
clusters had been previously discovered on several old apple trees in 
a pasture near the woodland. | 

Any of these colonies may have been brought about by wind 
spread, but the evidence is not strong. The unfavorable character 
of the trees would prevent, to a large degree, the establishment of 
the insect in woodland in this town. ; 


RECORD OF SCOUTING IN GRAFTON, MASS. 


On March 11, 1912 an examination of Grafton, Mass., was begun 
by scouts working under the direction of Mr. H. L. McIntyre. All 
the territory east of the Grafton & Upton Railway was examined, 
and a part of the woodland near Farnumsville was also scouted. The 
town is generally infested with the gipsy moth, and it is possible to 
find egg clusters in nearly every orchard.- The area examined cov- 
ered about 5 square miles of woodland. No orchards or estates were 
scouted. The different kinds of trees in the woodland were estimated 
as follows: 
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As a result of the scouting the following infestations were located: 

One old egg cluster on a birch tree in woodland near North 
Grafton, two colonies on the land of the State insane hospital, one of 
18 egg clusters near the barns, and the other of 25 egg clusters on a 
large oak tree on the edge of the woodland in the rear of one of 
the buildings. As there is quite a general infestation of the fruit 
trees on these grounds it is probable that these colonies were es- 
tablished by caterpillars carried on men or farm animals to the 
places where the egg clusters were found. An infestation of two 
clusters was located near the Westboro line in oak growth. Five 
infestations were found in two blocks of woodland on Esterbrook 
Avenue. In one block, where three colonies were found, four egg 
masses were discovered, three new and one old, while in the other 
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block two colonies on low land totalled 149 new and 27 old egg 
masses. Most of the trees in these areas were pine, maple, and 
birch, with a few oaks and chestnuts. On the whole, these colonies 
were not very favorably situated for rapid increase of the species. 
One old egg cluster was found in woodland south of Grafton 
Center, and a colony of 20 nests was found on two apple trees in a 
block of woodland near Farnumsville. 

The discovery of old egg clusters is noted above, because it is 
probable that new clusters were present in obscure places on the 
tree or on the ground and were not observed by the scouts. During 
a part of the time several inches of snow covered the ground. 

In all the places mentioned it is probable that five infestations 
may have been brought about by wind spread, although this can not 
be stated with certainty owing to the state of infestation of the 
orchards in the town. Grafton was first found infested in the winter 
of 1908-9. It is located only 7 miles west of Hopkinton, where the 
gipsy moth was found in 1905. 


‘RECORD OF SCOUTING IN WAREHAM, MASS. 


Scouting in Wareham was begun March 28, 1912. As it was im- 
possible to secure definite results by examining a section of the town 
en account of the prevalence of coniferous growth, several areas 
were selected, covering in all about 925 acres, and a scout of this 
territory was made. 

This area was used because hardwood growth predominated and, 
on the average, about 75 per cent of it was oak. 

As a result of the examination 112 egg clusters were discovered in 
eight localities. 

Two small infestations were found near the road leading from 
the Tremont station; another was in woodland near West Wareham, 
50 egg clusters having been found. The white pine in this area 
had been cut, so that only deciduous trees remained. A short dis- 
tance away were located trees that had been infested for two or 
three years, and this may explain the source of this colony. 

A block of dead oak growth on high land near West Wareham 
contained two colonies, one of 50 and the other of 2 egg clusters. 
Apparently these were caused by wind spread, as there were no 
infested places near by, so far as could be ascertained. 

Three other colonies, of a single egg cluster each, were located. 
One was on the back road between Wareham and West Wareham. 
and the other two were southeast of the Wareham railroad station. 
Two of these may have been brought about by wind spread, but the 
third was near the site of a colony which had been treated for 
several years. 
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The result in Wareham indicates that there may have been some 
dispersion by the wind, but only a few of the colonies can be ac- 
counted for in tat way. 


RESULTS OF SCOUTING WOODLAND AREA. 


On the whole, the number of woodland infestations found is not 
so large as might be expected. Those at Milton, N. H., and Yar- 
mouth, Me., are the most striking, probably furnishing the most 
definite results of any of the towns under consideration. Owing 
to the long distance from Lisbon, Me., to the nearest badly infested 
area, which is about 70 miles, and to the large quantity of unfavor- 
able food for the caterpillars, it is not surprising that little evidence 
was secured to show that the infestations were caused by the wind. 
The other infestations in the town, however, indicate that there may 
have been a short-distance spread in this way. In Yarmouth, Me., 
the proportion of coniferous growth was practically the same as 
that in Milton, N. H., but the wooded area examined was only 
about one-fourth of that scouted in the latter town. Oak trees, 
however, predominate in the woodland in Yarmouth; hence it is 
not surprising that a larger number of colonies were found in that 
town than in Lisbon. More woodland colonies were found in Milton 
than in any other town, and this is what would naturally be expected, 
as 1t is near badly infested towns and is located so that the prevail- 
ing wind would convey large numbers of the small caterpillars. The 
woodland examined contained only about 13 per cent of oak. If this 
species had been as abundant in Milton as it was in Yarmouth far 
more serious infestations would probably have resulted. 

Scouting in Tilton indicates that good work was done in suppress- 
ing the gipsy moth during 1910 and 1911. The town is located a 
little out of the line of wind dispersion, and this, coupled with care- 
ful hand work, has evidently resulted in the satisfactory condition 
which has been reported. 

The results in Bennington, N. H., a town which is located on high 
land, where 21 per cent of the trees are oak, point strongly to the 
fact that the woodlands do not become infested rapidly when they 
are located in a region unfavorable for larval spread by the wind. 
Although about 5 square miles were examined in this town, no 
woodland infestation was found; and when it is remembered that 
this area is less than 10 miles from towns which were found infested 
in 1908 and 1909, the evidence is further strengthened. The danger 
of artificial spread of gipsy-moth caterpillars on vehicles is probably 
less in this town than in any of the towns where woodland areas 
have been scouted. 

The scouting in Gardner and Wareham, Mass., was handicapped 
by the fact that the woodland growth was not satisfactory for the 
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establishment of the species, although the selection of areas contain- 
ing the most deciduous growth in both towns aided in securing more 
satisfactory data. 

Wareham was found infested in 1905, and if the town had been 
located along the line of prevailing winds at the time the gipsy-moth 
caterpillars were in the first stage, the woodlands would probably be 
as badly infested as those in towns an equal distance north or north- 
east of the original infested area. This is not the case, however, 
which indicates in itself that unfavorable food and practical im- 
munity from winds favorable for spread have worked to the advan- 
tage of this town. 

The same statement can be made of both Gardner and Grafton, 
which were found infested in the winter of 1907-8. It is true that 
there are a considerable number of small roadside and orchard infes- 
tations in these towns, particularly in Grafton, but travel is heavy 
during the early summer and an excellent opportunity is offered for 
the spread of the larve on vehicles and automobiles. If wind spread 
were not a prime factor in distributing the gipsy moth, the woodland 
in Grafton should be more heavily infested than the wooded area 
examined in Milton, N. H., because the latter town is much farther 
from the original center of infestation, and was first found infested a 
year later. 

It is practically impossible to explain the origin of many separate 
infestations; but taking the woodland areas examined and studying 
them in relation to each other and in relation to the badly infested 
area, it is evident that the theory already given concerning wind 
spread is confirmed. | 

It is surprising, when all the facts are considered, that so much 
good work has been done in controlling the gipsy moth in many of 
the infested towns. Large numbers of cases are on record where all 
the infestations in a town have practically been cleared of this 
insect in a single year; but, owing to general wind spread, as many 
and usually more colonies have been found in other parts of the 
same town the next year. This is one of the discouraging features of 
the work and renders it extremely difficult to control the insect in 
towns which are most subject to natural spread by the wind. It is 
obvious that if this is to be brought about, bad colonies must be 
subdued, particularly those which are nearest the outside border of 
infestation, because, as has already been pointed out, the farther the 
larvee are carried by the wind the less the chance becomes for them to 
establish the species, owing to their wide separation from other speci- 
mens and the limited opportunity of their finding suitable food for 
full development. 
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EFFECT OF WIND SPREAD ON THE PROBLEM OF GIPSY-MOTH 
CONTROL. . 


The fact that gipsy-moth caterpillars are spread chiefly by wind 
during the time they are in the first stage and that for this reason 
the present spread of the insect is toward the northeast, northwest, 
and north has been sufficiently demonstrated. Another factor which 
enters into the problem to a greater or less extent, and which has an 
important bearing on the spread of young caterpillars by air cur- 
rents, is the altitude of the woodland in the various towns. 

Whether high altitudes are more likely to become infested in this 
way than low areas it is difficult to state, but there can be no question 
in regard to the difference in temperature of winds after having 
passed over an area of high land. For example, the cold winds which 
sweep down the New England coast. from the northeast and east are 
not accompanied by as low temperature, nor are such winds as cold 
or penetrating in the central part of Massachusett§ as they are along’ 
the seacoast. As high winds must be accompanied by high tempera- 
ture in order to bring about the spread of young caterpillars, it can 
be stated that after the territory on the west side of the watershed in 
Massachusetts and New Hampshire becomes infested to such a degree 
that large areas are defoliated, the spread of the young caterpillars 
by wind will be more far-reaching and more rapid than it has been 
at any period since the moth first became established. It is indeed 
a fortunate thing that the gipsy moth first found lodgment on the 
North Atlantic seaboard, on account of the various elements which 
have worked together to restrict its spread. If the insect had first 
escaped in central Massachusetts, in Connecticut, or in New York 
State there would have been ample opportunity for spread in all 
directions, and it would have been difficult to restrict it to anything 
hike the area which it now occupies. 


SUMMARY. 


The gipsy moth is spread by local and long-distance means. 

Local spread may be due to the transportation of caterpillars or 
egg clusters on carriages or wagons that move for only a short dis- 
tance outside the infested territory. The egg clusters may be carried 
on driftwood which floats down rivers during the spring. 

Long-distance spread may be due to the shipment of egg clusters on 
lumber products, nursery stock, or boxes from the infested territory 
to any points where such goods are unloaded. Caterpillars may be, 
and often are, carried long distances on automobiles or trolley cars, 
and cases are on record where colonies have been established in 
this way. 
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By far the greatest dispersion is due to the fact that first-stage 
eaterpillars are blown by the wind. A glance at the present infested 
territory shows that dispersion has been along the line of the prevail- 
ing winds immediately following the hatching of the caterpillars. 
One condition favoring wind spread is the presence of large woodland 
colonies which are overpopulated with caterpillars. This stimulates 
activity on the part of the insects in search of food and affords oppor- 
tunities for them to be carried away by the wind. High temperature 
increases the activity of the caterpillars, and this tends to increase the 
chances of their being blown away. Weather records for the past 10 
years show that the prevailing winds during April and May, when the 
temperature is high enough to make the caterpillars sufficiently active, 
and when the wind is strong enough to blow them for any great 
distance, are for the most part from the south and southwest. 

The character of the food has a very important bearing on the 
dispersion of this insect, because unless caterpillars that are blown 
by the wind are able to find lodgment on favorable plants they will 
not survive, and there will be no opportunity for the species to become 
established. If a number of first-stage caterpillars were dropped by 
the wind into a forest of solid pine they would not be able to establish 
a colony, because these small caterpillars can not survive on pine 
foliage. There are other trees, particularly conifers, which are 
equally immune from injury by the first-stage caterpillars, and upon 
which they are not able to develop. This shows that large blocks of 
unfavorable food plants will not only prevent the establishment of 
the insect, but that such woodland will require no treatment what- 
ever, provided it is isolated by removing the favored food plants 
near by. 

RECOMMENDATIONS. 


As a result of the experiments which have been conducted and a 
study of the data which have been secured, the following recommenda- 
tions are made, as these have a practical bearing on the gipsy-moth 
problem : 

(1) National legislation should be enacted to provide for the 
inspection of lumber products or other material which is likely to 
earry the gipsy moth from the territory which is now infested to 
uninfested regions. This is particularly important and is distinctly 
of national concern, because goods of this sort are often shipped to 
far distant points in the United States, and without careful scrutiny 
excellent opportunities are offered for establishing new colonies 
remote from the area in New England which is now infested. 

(2) Inasmuch as certain coniferous trees, if grown in solid stands, 
will not furnish favorable food for small gipsy-moth caterpillars 
that might be distributed by wind spread, and as some of our decidu- 
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ous trees will probably furnish similar unfavorable food conditions, it 
seems very important to determine by careful experiment the sus- 
ceptibility to gipsy-moth attack of the various species of native trees 
in New England forests and to test different methods of thinning 
woodlands in order to reduce the infestation by furnishing unfavor- 
able food, and by so doing to prevent the area thus treated from 
becoming so badly infested as to enable caterpillars to be spread from 
it by the wind. These experiments are now under way. 

(3) The experiments conducted indicate that little spread by the 
wind will result unless badly infested areas exist. Inasmuch as the 
principal spread over a wide area is due to the wind, more attention 
should be paid to the proper handling of bad woodland colonies 
along the lines already indicated, in order to prevent widespread 
distribution. From the experiments conducted, and from the data 
examined, and as a result of interviews and conversation with various 
officials and parties interested in moth work, it appears that the 
spread of the gipsy moth at the present time by automobiles or 
other traffic is far less serious than heretofore. Already a large 
mileage of trees along trunk roads has been thinned and protected, 
so that the danger has been largely reduced in this way. Special 
attention has been given to many roads leading to and from summer 
resorts or camping places where automobile traffic is heavy during 
the summer, and as a result of this work and of the scouting which 
has been carried on in the outlying territory, which included an 
examination of the trees along many of the trunk roads in unin- 
fested sections of the State as well as an inspection of places, such 
as hotel grounds, where touring parties would be likely to stop, it 
has become quite evident that in the last year or so the danger of 
infestation by means of automobiles has been greatly reduced. This 
would indicate the desirability of reducing the thinning operations 
along roadways, except on those where the automobile traffic is the 
heaviest during May and June. 

(4) The work which has to do with the determination of the 
limits of spread of the insect, and which is known as the scouting, 
is of great importance. This is being carried on in the outside in- 
fested towns and in those adjoining, and too much stress can not be 
laid on its thorough prosecution. The men actively engaged in it- 
should be instructed thoroughly in regard to the best methods of 
thinning woodland in order to control the moth, so that practical 
advice can be given to the owners of forest land to stimulate them to 
take proper measures for protecting their property before the infes- 
tation becomes serious enough to cause severe injury. 
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